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Thr  Ijectapes  which  arc  now  a  second  time  presented  to  the  public, 
are  so  well  known,  and  so  justly  celebrated,  amongst  those  who  are 
most  oafNible  of  judging  of  their  merits,  that  very  littla  need  bo  offered 
by  way  of  preface  to  this  Tdnmew  Whether  we  regard  the  depth  of 
Dr«  Yovng^t  kaimng,  tlie  el  lu*  iMearah,  liie  aeeuaey  of  bie 
■tetomenta^  or  Ae  beulj  and  origiiudity  of  bu  ibeotetioal  Tiewa^  in 
wba.i6T«r  way  we  eontemplale  tbeae  Leotaiea,  our  adnuialieii  is  oqpially 
esoltod.  They  embody  a  eompleto  lysMoii  of  Heobanioal  Pbikeopby, 
drawn  fvoui  origiital  sonroes,  and  illustrated  by  a  band  capable  of 
reducing  them  to  the  most  perfect  subjection.  Unlike  other  popular 
writers,  who,  for  the  most  part,  either  take  tlie  pclenc^s  at  second 
hand,  or  cuutcut  themselves  simply  with  extracting  the  discoveries 
and  adopting  the  hj^thesea  of  more  distinguished  philosophers.  Dr. 
Young  travelled  over  the  whole  literature  of  scienoe^  and  whilst  wa 
aia  aatoniabed  at  the  xieh  store  of  matirrinlt  whioh  he  has  ooQeoted,  we 
Ibid  notlmig  moie  ptominettt  than  the  impfess  of  hia  own  aente  and 
poworfal  mind.  It  is  partieolaily  eonspienoua  in  his  tieatiso  on 
.lotion  and  Ibrae^  wUeh,  with  their  applioaiions  to  the  nselal  arts, 
fonnt  the  first  part  of  these  Leetmes.  In  comparing  this  treatisa 
with  others  of  similar  pretension,  wo  are  forcibly  impres-sed  with  the 
fact,  that  whilst  their  authors  have  been  driven  to  |)u]utlarizc  from  in- 
ability to  grapple  with  mathematical  researches.  Dr.  Young  has  been 
enabled  to  do  so  lironi  his  thorough  mastery  of  those  wa&uettta.  It 
wmbinea  eorrectness  with  simplicity.  The  popular  reader  may  trust 
to  it  as  always  based  on  right  prineiplss»  and  calculated  to  pave  his 
way  to  a  more  extensive  and  intimate  nsaaroh;  the  mathematioal 
reader  will  find  in  it  the  elearest  statement  of  arguments  whioh 
Imro  already  been  pcesented  to  him  in  another  form.  The  remaining 
parts  of  these  Lectures  are  equally  valuable  on  account  of  the  orijD^> 
nality  of  the  views  which  they  unlnid,  and  of  the  unity  and  simplicity 
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which  they  give  to  physical  .science?.  Hero  will  bo  found,  for  the  first 
time,  correct  notions  on  capillary  action.  Here  Dr.  Yoaug  devt  lo})e<l 
the  beautifal  priuciplu  of  mtcrlercncc,  "  that  tine  discovery,"  to  use  the 
words  of  M.  Arago,    which  will  render  hia  name  imperishahle." 

What  Dr.  Young  has  done  cannot,  howeTor,  be  better  explained 
than  in  bis  own  Piefaee,  of  wbiob  it  is  snffieient  to  lemark,  tbnt  tbe 
Author  bas  in  no  instanee  over-estiniated  tbe  importanoe  of  bis  bUKknia. 

It  only  remains  to  add  a  few  words  lektiTe  to  the  present  edition. 
In  some  of  tbe  subjects  treated  of,  considerable  advanoes  bare  been 
made  since  the  Lectares  were  first  published.  To  render  the  work  as 
complete  possible,  the  K<litor  has  supplied  brief  expositions  of  what- 
ever adtiitiunal  discoveries  have  been  made,  wiiicii  arc  jtrinted  along 
with  the  Loctuie  on  that  brauch  to  which  they  belong,  and  diiitin- 
gnisbed  by  bein;::  inclosed  within  brackets.  They  serve,  for  the  most 
part,  to  complete  the  subject  according  to  the  plan  of  the  Author.  In 
tbe  case  of  Electricity,  and  its  kindred  branches^  so  nraeb  addition 
has  been  made  within  the  ]ast  balf-centnxy,  that  It  wonld  greatly 
exceed  the  necessary  limits  to  treal  of  those  soienees  satisfoctoiily. 
All  that  bas  been  attempted  is  to  offer  a  very  brief  sketch  of  tbe 
nature  of  the  extension  of  those  scionoos,  witbont  entering  at  all  into 
details. 

The  authors  to  whom  Dr.  Younjr  dircetly  refers  in  the  Lectures  are 
given  at  the  foot  of  the  page,  the  name  and  date  of  the  work  being 
added,  and  in  many  cases  the  page  wliich  is  referred  to.  Aooompany- 
ing  these  references  will  be  found  others  to  aatbofs  who  bare  treated 
on  tbe  sane  subject.  At  tbe  end  of  each  Lecture  is  given  a  table  of 
additional  autborities,  a  portion  of  which  have  been  extracted  jfrom  Dr. 
Yonng^s  own  catalogue.  Indeed  these  tables  embrace  CTery  important 
work  which  the  catalogne  contains,  and,  except  in  Meteorology  and 
Astronomy,  reference  to  all  the  most  Talnablc  memoirs  found  in  the 
different  scientific  transactions.  In  tbe  excepted  ca*>ea,  the  lists  were 
too  cxtcnnive,  and  too  little  suited  to  the  character  of  this  v\ oik  to  bo 
given  entire,  whilst  abridgement  would  have  answered  no  useful  purpose. 
With  respect  to  the  additions  which  the  Editor  has  made  to  this  branch, 
they  will  be  found  to  be  very  extensive ;  and  it  is  belicTed  the  whole 
Ibrms  a  tolenbly  complete  body  of  scientific  literature.  There  must 
neceenrily  be  expected  some  important  omiflnonB^  but  It  is  hoped  they 
are  not  numerous.  For  the  guidanoe  of  those  who  shall  consult  tiiese 
catalogues,  it  is  necessary  to  point  out  the  (act,  that  eondeDntion  has 
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been  an  object,  w>  that  a  repetitien  of  lelerenoe  to  the  eaine  work  has 
been,  ae  much  aa  posaiUe,  aToided.  Thus  moat  of  the  works  whieh  aie 
mentioDed  under  one  branob  of  the  mechanical  sciences^  embnwe  man^ 
others  under  wlueh  they  are  not  <{noted.   For  example,  the  antho- 

r'likm  on  central  forces  (Lect.  IV.)  do  not  include  I^place,  Laj^range, 
and  others,  )>ccau8e  these  authors  have  been  already  given  in  T^ct.  II., 
aa  treating' on  a  bmnch  of  the  Pnnie  suhjert.  Thif  want  of  re]>etitioii 
may  be  considered  a  defect,  but  it  must  be  reiueuibercd,  that  the  cata- 
logne  has  already  extended  to  several  thousand  articles.  On  the 
whole,  it  is  expected  that  this  edition  will  supply  a  work  greatly 
needed,  an  which  correct  expositioQ  is  combined  with  eztenaive  • 
lesoaich. 

Great  pains  have  been  taken  to  render  the  Tkbble  of  Contents  and 
Index  as  complete  and  aooozate  as  possible.  In  framing  these,  the 
Editor  has  received  the  Talnable  assistance  of  Mr.  Stewart,  which  he 
be|^»  thaukfully  lu  ackuowledge. 
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Havi.nc  undertaken  to  prejuirp  a  course  of  Lectures  on  natural  philo- 
sophy, Uj  l>c  delivered  in  the  t!ii  ;itre  of  tlie  Roynl  T»istitiition,  I  thought 
that  Uie  plan  of  the  institution  re«)uired  sumuUiing  niorc  than  a  mere  com- 
pilation from  the  elementary  workb  at  present  existing  ;  and  tliat  it  wn» 
mj  duty  to  eoUeei  from  original  authors,  to  examine  with  attention,  and 
to  digwt  into  one  qraUm,  every  thing  relating  to  the  principles  of  the  no- 
duuucBl  sdenMt^  that  could  tend  to  the  improTement  of  the  arts  oobwr- 
vleiit  to  the  oonTenienoee  of  life.  I  found  abo^  in  deliTering  the  ketorei^ 
that  it  was  raoit  dSgihle  to  commit  to  writing,  as  neariy  as  ponihle^  the 
whole  that  was  required  to  be  said  on  each  subject ;  and  thnt,  even  when 
an  px]verirnent  was  to  be  performeil,  it  was  best  to  describe  that  experiment 
nninUrruptedly,  nnd  to  rej)eut  tlie  explanation  durinir  its  exhibition. 
Ht'uce  it  b^mme  necessary  that  tlie  written  lectures  should  be  as  clearly 
and  copiously  expressed,  and  in  n  lan[:ua;?e  as  much  adapted  to  the  com- 
prehension of  a  mixed  audiencv,  hh  the  nature  of  the  inveatigatioub  would 
allow ;  and  that  each  experimciit*  which  waa  to  be  pevfotmed,  ahonU  also 
be  minotely  deaeribed  hi  them.  If,  therefoie^  there  waa  any  noreHy  either 
in  the  matter  or  the  arrangement  of  the  Ieetniee»  aa  they  "wwe  delivered 
for  two  eacoeenve  year^  It  ie  obvione  that  they  mnet  have  possessed  an 
e<|ual  claim  to  the  attentioil  of  a  reader,  had  they  been  published  as  a 
book  ;  and  upon  resigning  the  situation  of  Professor  of  Natural  Philoeophy, 
I  immediately  bej»iin  to  prepare  them  for  publication. 

I  had  in  some  measure  pledged  myself,  in  tlie  piinted  syllabus  of  tlie 
lectures,  to  make  a  catalogue  of  the  best  works  already  published  on  the 
sevei-uJ  subjects ;  with  referencee>  tu  such  passages  as  api>eared  to  W  most 
important :  it  waa  therefore  neoeesaiy,  as  well  for  thb  porpoee,  aa  in  order 
to  proem  aO  poasible  information  that  opnld  tend  to  the  improvement 
of  the  work,  to  loole  over  a  adeet  library  of  booka  entirely  with  thia 
view»  maldqf  noiea  of  the  principal  aobjeets  diMueed  in  than,  and  exa- 
mining lanCally  anch  parts  aa  appeared  to  deeora  more  than  ordinary 
attention.  Hence  arose  a  catalogue  of  references  ;  respecting  which  it  is 
sufficient  to  say,  that  the  labour  of  arranprinp  about  twenty  tlinuHMnd 
fiHiclcs  iji  a  systematic  form,  was  by  no  Tueaus  less  considerable  than  that 
(t(  eliciting  them.  The  transactions  of  scientific  societies,  and  the  best 
and  latest  periodical  publications,  which  iiave  m  much  multiplicii  Uie 
number  of  the  soaroee  of  information,  oonstituted  no  small  part  of  tiw 
eoUeoHoBy  which  waa  thui  to  be  reduced  into  one  body  of  ecience. 
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With  the  addition  of  the  luatcrialii  acquired  in  nmking  tliis  com- 
pilation, and  of  the  results  of  many  original  investigations,  to  which 
th«y  had  giTen  tu^  it  became  almoet  iadlqieiinbb  to  ooff  the  wliole  ef 
Um  leetnree  onoe  mom,  and  to  exchange  tome  of  them  for  othen^  whieh 
were  wholly  new ;  at  die  aame  time  all  possible  pains  weie  taken  to  die- 
cover  and  to  correct  every  obscurity  of  expression  or  of  argument. 

Drawings  were  also  to  be  made,  for  representing  to  the  reader  the  appa- 
ratus and  experimcTits  exhibited  at  the  time  of  delivering  the  lectures,  for 
showing  the  construction  of  a  variety  of  machines  and  instrurat  nts  .ccm- 
nvcte<l  with  the  different  subjects  to  be  explained,  and  for  illustrating  timm 
in  many  other  ways.  These  figures  have  been  extended  to  more  than 
forty  plates,  very  closely  engrav&d,  and  the  ezeention  of  the  engKavingaliaa 
been  minntely  superintended.  Bnt  the  text  of  the  kotniee  has  been  made 
00  independent  of  the  fignra^  that  the  reader  ia  never  intevmpted  in  the 
middle  of  a  diain  of  reasoning,  but  is  referred,  at  tiie  cod  of  a  pamgraph^ 
to  a  plate,  which  has  always  a  sufficient  explanation  on  the  opposite  |Miga» 

The  bulk  of  this  work  is  not  so  great  a«tn  r^'qnire,  for  its  entire  perusal, 
any  unreasonable  portion  of  time  or  of  labour.  Then  may,  however,  be 
some  persons  who  would  t)C  satisfied  with  attcndine;  to  tli  'su  pari.H  in  whicli 
it  diliurs  most  from  former  publications,  without  imviiig  ieiiiure  or  inclina- 
tion to  atndy  the  whole.  To  saeh  it  maj  be  desirahla  to  have  those  sob- 
jeeta  pointed  out  which  appear  to  the  anther  to  be  the  most  linsniTlng  of 
their  netiogt 

The  fondamental  doctrines  of  motion  have,  in  the  first  place,  been  more 
immediately  referred  to  axioms  simply  mathematical  than  has  hitherto  been 

usual ;  and  the  application  of  these  doctrinef?  to  practical  purposes  lias 
perhaps  in  some  instances  Ih-pu  facilitated.  The  passive  strength  of 
materials  of  all  kiudri  lui^  '  very  fully  investigated,  and  many  new 
conclusions  have  been  formed  respecting  it,  which  are  of  immediate 
importance  to  the  architect  and  to  the  engineer,  and  which  appear  to  con- 
tradict the  results  of  some  very  elaborate  calculations. 

The  theory  of  waves  has  been  much  simplified^  and  somewhat  extended, 
and  their  motions  have  been  illustrated  by  experiments  of  a  peenliarni^ure. 
A  similar  method  of  reasoning  has  been  applied  to  the  circulation  of  the 
blood,  to  the  j)ropagation  of  sound,  either  in  fluids  or  in  solids,  and  to  the 
vibrations  of  musical  chords ;  the  general  principle  of  a  velocity  corre- 
sponding to  half  the  iieight  of  a  certain  inrnluluis  being  shown  to  be  appli- 
cable to  all  these  cab€3,  and  a  connexion  lias  heen  estabiiiihed  l^etween  the 
tM)und  to  be  obtained  from  a  given  solid,  and  its  strengtii  in  rebibliug  a 
flexure  of  any  kind ;  or,  ia  the  caae  of  ice  and  water,  between  the  sound 
in  a  solid  and  the  oomprsssibility  in  a  fluid  state. 

The  doctrine  of  sound,  and  of  sounding  bodies  in  genend,  has  also 
received  some  new  illustrations,  and  the  theory  of  music  and  of  musical 
intervals  has  been  particularly  discussed. 

With  respect  to  the  mathematical  j^urt  of  optics,  the  curvature  of  the 
linages  formed  by  lenses  :uid  mirrors,  h;is  Ix  i-n  correctly  invc>stigated,  and 
tiie  inaccuiiicy  of  some  lormer  estiniiitiun.s  ha8  lieen  demonstrated. 

In  tlie  department  of  physical  optic!^,  tiie  phenomena  of  haios  and 
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paxlieliA  havo  been  «xp]Mned  npon  prindipliB  not  cntirdy  vmw,  bat  long 
foigoiten ;  the  fanctions  of  the  ojo  hmTo  been  minutely  exunined,  and  the 
mode  of  its  accommodation  to  the  perception  of  objecte  at  different  di»* 
lances  ascertained  ;  the  various  phenomena  of  coloured  light  have  been 
copiously  tlescriljcd,  and  accurately  represented  by  coloure<l  plates  ;  and 
some  new  cases  of  the  productioa  of  colours  have  been  pointed  out,  and 
have  been  referred  to  the  general  law  of  double  light^  by  which  a  great 
variety  of  the  experiments  of  former  opticians  have  also  been  explained  ; 
and  this  law  has  been  applied  to  the  establishment  of  a  theory  of  the  nature 
of  l%ht  which  oatiBlkctorily  wtaorm  ahiuwt  every  diffieoltgr  that  hm 
hitbearCo  attondod  the  subject 

Tho  theory  of  the  tidee  has  been  ledneed  into  an  oxtnmely  aimplo 
form,  which  appears  to  agree  better  witii  all  the  phenomena  than  the  more 
intricate  calculations  which  they  have  (HMDomonly  been  supposed  to  loquire. 
With  respect  to  the  cohesion  and  capillary  action  of  liquids,  I  have  had 
the  good  fortune  to  anticipate  Mr.  Laplace  in  his  late  rcrarchi^s,  and  I 
have  endeavoured  to  show  that  my  assumptions  are  more  univerBally 
applicnl)li  to  the  facts,  than  tlios*  ^vhich  that  jostly  celebrated  mathema- 
tician hma  employed.  I  have  ah>o  attempted  to  throw  some  new  light  on 
the  general  propertieB  of  matter  In  other  foims ;  and  on  the  doctriaa  of 
heat  whidi  is  materiaUy  concerned  in  them;  and  to  dednoe  eome  tuefal 
eoodoelona  from  a  comparison  of  tariovs  oxperimenta  on  the  dastidty  of 
steaUt  on  ovaposmtlon,  and  <»i  the  indications  of  hygrometers.  I  have 
annuMnted,  in  a  oompoidious  and  systematical  form,  the  principal  facts 
which  have  been  discovered  with  respect  to  galvanic  electricity ;  and  I 
have  fortunately  been  able  to  ]»rofit  T>y  Mr.  Davy's  most  important  expe- 
riments, which  have  lately  been  coiiniuinicated  to  the  Royal  Society,  and 
which  have  already  given  to  this  hram  li  of  science,  a  much  greater  per- 
fection, and  a  far  greater  extent,  tiiaii  it  before  possessed.  The  liistorical 
part  of  the  work  can  scarcely  be  called  new,  but  several  of  the  dsenm- 
stances  which  an  idatsd»  have  escaped  the  notice  of  fbnner  writen  on  tho 
history  of  the  scienceSk 

Besides  these  improvements,  if  I  may  be  allowed  to  give  fhsm  that 
name^  iSbtm  sn  othersy  perhaps  of  lees  importance,  which  may  stOl  be 
interesting  to  those  who  are  particularly  engaged  in  those  deparfansnts  of 
sdence,  or  of  mechanical  practice,  to  which  they  relate.  Among  these 
may  be  ranko  1,  in  the  division  of  mechanics,  properly  so  called,  a  simple 
demonstration  of  the  law  of  tlie  force  by  which  a  body  revolves  in  an 
elUpsis  ;  aiiotlii  r  of  the  properties  of  cycloidal  pendulums  ;  an  examiaa- 
tion  of  the  mechanism  of  animal  motions ;  a  compariiion  of  the  measures 
and  weights  of  difibrant  eonnftriss ;  and  a  conTenient  estimate  of  the  effect 
of  hnman  labour:  with  respeet  to  asehiteetaxe^  a  simple  method  of 
drawing  ^  cirtllne  of  aoolnmn:  an  investigatton  of  the  bsst.fbnns  toot 
arches;  a  determination  of  tho  eorva  which  affords  the  greatest  space  liar 
taming ;  considerations  on  the  stnictora  of  the  joints  employed  in  caii- 
pentry,  and  on  the  firmness  of  wedges ;  and  an  easy  mode  of  Ibnnbig  a 
kirb  roof :  for  the  pur|)(>«»<^g  of  machinery  of  different  kinrfs,  nn  arrange- 
ment of  bars  for  obtaining  recUiiuear  motion ;  an  inquiry  into  the  most 
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eligible  proportions  of  wheels  and  pinions ;  remftrks  on  the  friction  of 
wheel  work,  and  of  balances  ;  a  mode  of  liTKling  the  form  of  a  tooth  for 
uiipellinjc:  a  pallet  wrthont  friction  ;  a  chronometer  for  measurinjs:  minute 
portions  of  time ;  a  clock  scapement  ;  a  calculation  of  the  effect  of  tem- 
perature on  steel  springs  ;  an  easy  determination  of  the  best  line  of 
draught  for  a  carriage  ;  an  investigation  of  the  r^iistanoe  to  be  OTeroome 
by  a  wfaMl  or  loUer ;  and  m  eatimiUaftn  of  the  vltimato  preMun  pio> 
dooed  by  a  blow. 

In  tiie  hydiaolie  and  optieal  ptvt»  inay  be  ennmenifted  an  orerflowing 
lamp;  a  eunplifieation  of  the  rules  for  finding  the  velocity  of  nuuuiig 
water;  remarks  on  the  application  of  force  to  hydzaulic  machines;  a 

mode  of  Ifttiiic;:  out  air  from  water  pipes  ;  an  analysis  of  the  human 
voice  ;  and  some  arrangements  for  solar  microioopes,  and  for  Other  optical 
instruments  of  a  similar  nature. 

In  the  astronomical  and  physical  division  of  the  work,  will  be  found  a 
general  rule  for  determining  the  correction  on  account  of  aberration; 
a  comparison  of  obserratioiia on ihe  4giire  ni  the  eaith;  a  toUe  of  the 
order  of  deotrical  excHaliom;  a  diartof  the  Tariatton  of  the  oompaas,  and 
of  the  trade  winds :  forainlae  for  finding  the  heat  of  sanuner  and  winter ; 
remarks  on  the  theoiy  of  the  winds ;  and  a  comparative  taUe  of  all  the 
mechanical  properties  of  a  variety  of  natural  bodies. 

A  few  of  these  suhjectti  have  been  more  fully  discussed  in  the  miscel- 
laneous papers,  wliirh  have  already  been  published,  in  the  Philosophical 
Transactions  and  el&e where,  and  w)iio,h  are  now  reprinted  with  corrections 
and  nd  litions;  others  are  sumuiaiily  investigated  in  the  mathematical 
elements,  wliioh  fonn  a  paii  of  the  second  volume,  or  in  the  remarks 
which  are  inserted,  in  their  proper  places,  in  (he  catalogue  of  referenoee. 

The  amngement  of  the  whole  work  la  probably  difiecent  in  many 
isepecta  firpm  any  other  that  haa  yet  been  adopted ;  the  extent  of  the 
anlgeel^  whaxh.  have  been  admitted,  rendered  it  necessary  to  prasarve  a  teiy 
strict  attention  to  a  methodical  and  uniform  system  ;  and  it  is  prssnmed 
that  this  arrangement  will  he  considered  as  in  itself  of  some  valu^  **P^ 
cially  in  a  work  calculated  to  serve  as  a  key,  by  means  of  which,  access 
may  l)e  obtained  to  nil  the  widely  scattered  treasures  of  wience  ;  and  which 
will  enable  those,  v^ho  arc  desirous  of  extt  iiding  their  researches  in  any 
particular  department,  to  obtain  expeditiously  all  the  information  that 
books  can  afford  them. 

It  will  not  be  thought  surpriung  that  the  ezecntion  of  this  plan,  allow- 
ing for  some  proAsrional  engagements  of  a  difoent  kind^  and  for  a 
variety  of  aeddental  Intenniptlons^  shonld  have  oeonpled  more  than' three 
years^  from  the  resignation  of  the  profMsorship  to  the  pubUcation  of  the 
work.  Some  part  of  U  la  in  ito  nature  incapable  of  permanent  perfection, 
since  the  catalogue  must  require  to  be  continually  extended  by  thft 
enumeration  of  nt  w  [niblications  ;  and  it  mi^lit  perhaps  be  desirable  that 
an  ap])endix  sliouUl  be  added  to  it,  at  least  every  ten  years ;  but  the 
lectures  themselves  nmy  be  expected  to  remain  tolerably  commensurate 
to  tlie  state  of  the  sciences  for  a  much  longer  period  ;  since,  in  investiga-, 
tiona  so  intimately  conneoted  with  malhematieal  principles,  the  esseuUai 
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impiovements  will  alwAyi  httat  R  vwy  mm]!  proporUim  to  the  number  of 
iimoTAtioiis.  1  do  not,  hoverer,  mean  to  assert,  that  the  catalogue  is  by 
any  means  complete,  even  with  regard  to  older  works,  but  I  believe  that 
the  reference*?  wliich  it  contai!i<5,  are  at  least  sufficient  to  lea<l  those  who 
may  consult  Uie  i)asi«^;€s  quoted,  to  the  works  of  every  autlior  of  eminence 
that  has  treated  of  the  respective  subjects.  Nor  do  I  profess  to  Imve 
excluded  all  references  that  are  of  little  importance  ;  but  1  tru.st  Uml  the 
number  which  I  have  admitted  will  be  found  inconsiderable ;  and  it  would 
hsTe  been  my  diffieoh  to  hsre  rejected  any  of  them,  wiUumt  some 
cbanee  of  omlttiagolhen  of  greater  Tnhie. 

Whalefer  tbe  deftciendee  of  this  work  may  bc^  I  tUnk  it  rig^t  to  ob- 
eerve,  that  my  present  pursuits  wiU  not  allow  me  to  look  forwards  to  any 
period^  at  which  I  shall  be  able  to  remove  them,  or  even  to  attrad  to  the 
correction  of  the  press,  or  the  rerision  of  the  engravings^  in  caae  of  the 
necessity  of  a  second  edition. 

I  have  already  be^un  to  collect  materials  for  a  work,  iu  a  form  nearly 
siimiiir,  relating  to  every  department  of  medical  knowledge:  tliis  work 
will  not,  however,  be  speedily  ready  for  publication  ;  it  wiU  be  compara- 
tively more  eoneise  than  theae  lectons^  in  proportion  to  what  has  been  sud 
and  written  respeeling  phyai^  bnt»  I  bope^  mudi  more  eomplete^  with 
regnd  to  all  tiiai  la  known  with  oertainty,  and  ean  be  sailed  with 
ntmty. 

WuAiCK-STEBnT^  90tk  Mm^  1807* 
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ON 

NATURAL  PHILOSOPHY 

ANU 

THE  MECHANICAL  ARTS. 


LECTURE  I. 


INTfiODUCnON. 

It  is  to  be  pvenmied,  tiut  mosi  of  thoM  who  honour  Uio  thfiotre  of  the 
Royal  InsUtntion  with  their  attendance,  are  already  acqnamted  with  the 
natiire  of  the  objects  which  its  founders  and  piomotem  have  been  endea- 
vouring to  attain  :  yet  it  appears  to  he  hy  no  means  8Ut)crfluou8  that  I 

should  define  wiUi  accuracy  my  fiwTi  views  of  the  utility  that  is  likely  to 
florived  from  it,  and-of  tiie  m  st  rll 'dual  means  of  accomplishing  its 
pui  jm»m  h  ;  in  order  that  we  may  i>e  al>le  to  distinguish,  without  difficulty, 
tlie  moi>t  eligible  track  for  our  commou  progress  through  the  regions  of 
ee&enoe ;  and  that  those  who  ate  desinnis  of  aocompanying  me  in  the  joius 
ney  may  know  fiteeisely  what  loute  we  are  to  follow,  and  what  depart- 
ments Will  more  paitiealarly  arrest  our  afttendon. 

Societies,  which  arc  merely  literary  and  philoeophical,  have  in  general 
piindpaUy  prt^posed  to  themselTSS  to  enlighten  tlie  understanding  by  the 
discovery  of  unknown  phenomena,  and  to  exercise  the  reasoning  powers  hy 
opcnitiLT  new  fields  for  speculation.  Other  associations  have  l>een  more 
particularly  intended  for  the  fticourai^cnient  of  the  arts,  of  manufactures, 
and  of  CDmincrce.  The  prlnmry  and  peculiar  ohject  of  the  Uoyal  Insti- 
tution of  Great  Britain  is  prufessedly  of  au  JUuuibler,  but  uut  of  a  less 
iatciesUag  iiatnie.  It  is  io  apply  to  domestic  ctmTenienee  the  improTo- 
msnts  wliieih  have  been  made  in  scienei^  and  to  introduce  into  general 
«  praetice  each  mechanical  inventions  as  are  of  decided  utility.  But  while 
it  is  chisfly  engaged  in  this  pursuit,  it  extends  its  viewer  in  some  measure, 
to  the  promotion  of  the  same  ends  which  belong  to  the  particular  pro- 
vinces of  other  literaiy  societies  ;  and  it  is  the  more  impoosibK*  that  isudi 
oTijects  should  be  wholly  excluded,  as  it  is  upon  the  advancement  of  these 
that  the  specific  objects  of  the  Institution  must  iiltinintdy  depend.  Hence 
tile  di^min&tion  of  the  knowledge  of  natural  philoijophy  and  cheiuistrv 
becomes  a  very  essential  part  of  the  design  of  the  Royal  Institution ;  and 
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2  LECTURE  1. 

this  department  must,  in  the  natural  order  of  arrangement,  be  anterior  to 
the  application  of  the  sciences  to  practical  uses.  To  exclude  all  know- 
led^  but  that  whicli  hns  already  been  applied  to  immediate  utility,  would 
be  to  reduce  our  faculties  to  a  state  of  servitude,  and  to  frustrate  the  very 
purposes  whioh  W9  ate  labonring  to  accomplish.  I«Io  discovery,  howerer 
Temoto  in  its  natars  from  the  sabjects  of  daily  obsenraUon,  can  with  na> 
aon  Im  dedand  wholly  inapplieable  to  the  benefit  «f  mankind. 

It  has  therefore  always  appeared  to  me»  to  be  not  only  tho  best  b^gin- 
nlni;,  but  also  an  object  of  high  and  pcnuaucnt  importance  in  the  plan  of 
the  Institution,  to  direct  the  public  attention  to  the  cnltivatioD  of  the 
elementary  doctrines  of  natural  philosophy,  as  well  speculative  as  prac- 
tical. Those  who  possess  the  uoniiinc  spirit  of  scicntifu-  iuvestiiration,  and 
who  have  tasted  the  pure  satisfaction  arisiii;;  from  au  udvancemeut  in 
intellectual  acquirements,  are  contented  to  proceed  in  their  researches, 
without  inquiring  at  every  step  what  they  gain  by  their  newly  discovered 
lights»  and  to  what  pxacUcal  purposes  they  are  applicable ;  they  reorive  a 
snifieient  gimtifieation  from  the  e&lai!]g;ement  of  tiior  views  of  the  eoosti- 
tntion  of  the  nniTers^  and  experience^  in  the  imme^te  pnrsait  of  know- 
ledge, that  pleasure  which  otiiers  wish  to  obtain  more  circuitously  by 
its  means.  And  it  is  one  of  the  principal  advantages  of  a  liberal  educar 
tion,  that  it  creates  a  ausoeptibility  of  an  enjoyment  so  elegant  and  ao 
rational. 

A  consideralilc  portion  of  my  an  Ih  ik  , ,  to  whosr.'  information  it  will  l)e 
my  particular  ambition  to  accounnooate  my  lectures,  consists  of  that  sex 
which,  by  the  custom  of  civilized  society,  is  in  some  measure  exempted 
from  the  more  laborious  dntiee  that  occupy  the  time  and  attention  of  the 
other  sex.  Hie  many  leisare  honre  whidi  are  at  the  command  of  femalea 
In  the  superior  orders  of  society  may  anrely  be  appropriated,  with  greater 
satisfaction,  to  the  improvement  of  the  mind  and  to  the  acquisition  of 
knowledge,  than  to  such  amnsements  as  are  only  designed  for  faoiiitating 
the  insipid  consumption  of  saperfluous  time.  The  hours  thus  spent  will 
nnque^tiniinMy  become,  by  means  of  a  little  habit,  as  much  more  agreeable 
nt  the  nioioent,  as  they  must  be  more  cajtable  of  affordinp  !»elf-approbation 
upon  reflection.  And  l>esides,  like  the  seasoning  which  reconciled  the 
Spartans  to  their  uninviting  diet,  they  will  eveu  heighten  the  relish  for 
those  pursuits  which  tliey  interrupt :  for  mental  exercise  is  ae  necesaaiy  to 
mental  enjoyment  as  corporal  bbour  to  corporal  health  and  vigour.  Inthia 
pobt  of  view  the  Royal  Institution  may  in  some  degree  iupply  the  place  of 
a  subordinate  univerrity,  to-  those  whose  sex  or  situation  in  life  haa  denied 
them  the  advantage  of  an  academical  education  in  the  national  aeminariia 
of  learning. 

But  notwithstanding  the  necessity  of  introducincr  very  copiously  specu^ 
lations  of  a  more  general  nature,  we  must  not  lose  siy-ht  of  the  original 
objects  of  the  Royal  institution  ;  and  we  niu»t,  Uierefore,  ilirect  our  atten- 
tion more  particularly  to  the  tlieory  of  practical  mechanic*i  and  of  manu- 
factures. In  these  departments  we  rfiall  fii»d  some  deficiendes  which  may 
Without  mndl  difficulty  be  supplied  from  srientific  principles ;  and  by  an 
iunpie  colleetion  and  display  of  modebs  llluatrative  of  machines  and  of 
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inrentions  of  all  kinds,  we  may  proceed  in  the  most  direct  manner  to  con- 
tribute to  the  dissemination  of  that  kind  of  knowledge  wliirh  h  m'M  pnrti- 
cul«rly  our  object.  So  that  we  must  be  more  pmctical  tlian  acauemits  of 
sciences,  and  n)ore  theoretical  tliaii  societies  for  the  improvement  of  arts ; 
while  we  endeavour  at  the  same  time  to  give  stability  to  our  proceedings  by 
an  atmiial  itcaxtmn  to  the  etemmtary  knowladge  whieh  b  talMurvjMit  to 
tlia  purposes  of  both;  and,  is  far  aa  we  aie  aUe^  to  apply  to  pzactioe  the 
newest  l^^ts  which  may  from  time  to  time  be  thrown  on  pailieiilar 
brandies  of  mechanical  scieuco.  It  is  thus  that  we  may  most  effectuaUy 
perform  what  the  idolized  sophists  of  antiquity  but  verbally  ])rofes8ed,  to 
bring  down  philosophy  from  the  heavenfl^  and  to  make  her  an  inhabitant  of 
the  earth. 

To  those  who  are  ensrBfred  in  the  practical  cultivation  of  various  arts 
subservient  to  tlie  couvenieucet*  of  life,  these  lectures  may  be  of  some 
ntility,  by  ftmiiahing  them  with  well  established  principles,  appUoable  to 
n  variety  of  eases  which  may  occasionally  ooear  to  them,  iR^ieve  a  little 
deviation  ftom  the  ordinary  rontine  of  their  proliMiioa  may  be  neceeaary. 
Unfortunately,  the  hands  thai  exeonto  arc  too  often  inadequately  sup- 
ported by  the  head  that  directs  ;  and  much  labour  is  lost  for  want  of  a 
little  previous  application  to  the  fundamental  ildttrines  of  the  mechanicnt 
Kci-  ru  oH.  Nor  is  any  exorbitant  portion  <>f  tirne  or  iiuhistry  necessiirv  for 
thi.s  purftose;  for  it  happens  mnarularly  enough,  that  aluioht  all  practical 
applications  of  science  depend  on  principles  cus'ily  learnt ;  and,  except  in 
astronomy  only,  it  has  seldom  been  foond  that  very  abstruse  investigatiimi 
have  been  of  great  importance  to  sodetj.  Our  most  refined  analytical 
cakniatlons  are  by  fsr  too  imperfect  to  apply  to  aU  posnUe  cases  of  me- 
dianical  actions  that  can  be  propossd ;  and  thoas  problems  which  most 
frnfuently  occur,  may  in  general  be  solved  by  methods  sufficiently 
obvious  ;  although,  ham  a  want  of  proper  order  and  perspicuity  in  the 
treatment  of  first  principles,  it  has  often  happened  that  the  most  ele- 
mentary propceitionfl  have  been  considered  aa  requiring  great  study  and 
application. 

We  may  also  be  able  to  render  an  important  service  to  society,  and  to 
confer  a  still  more  eisBntisl  benefit  on  individuaH  by  repressing  the  pre- 
mature seal  of  unsldtfal  inventors.  We  need  only  read  over  the  monthly 
aeconnta  of  patently  intended  for  seouring  the  pecuniary  advantages  of 

useful  disooveries,  in  order  to  be  convinced  what  expense  of  time  and  for- 
tnne  ia  continually  lavished  on  the  feebletrt;  attempts  to  innovate  and 
improve.  If  we  can  be  '<iKcceHsfiil  in  convincing  such  inronsiffrrate 
enthusia^it.s  of  their  nal  i^'norance,  or  if  we  can  shew  them,  that  r\  u  their 
own  fairy  yround  has  been  pre-occu  j)ied,  we  may  nave  them  from  impending 
niiu,  ami  may  relieve  the  public  from  the  distraction  of  having  ita  atten- 
tion perpetually  exdted  by  unwortliy  objects*  The  ridicule  attendant  on 
the  name  of  a  projector  has  been  in  general  but  too  well  deserved ;  for  few> 
veiy  few,  who  have  aspired  at  improvement^  have  ever  had  the  palienoe 
to  snbmlt  their  inventions  to  sudi  experimental  testa  as  commcjn  sense 
would  suggest  to  an  impartial  observer.  We  may  venture  to  affirm  that 
oat  ef  eveiy  hundred  of  fancied  improvements  in  arts  or  in  machines^ 
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niiMtjr  at  letat,  if  not  iilneiy-iun«,  tie  either  old  or  ub^mb  ;  the  object  of 
our  vesearclu's  i;;,  to  enable  ourselves  to  distingiiish  and  to  adopt  the  han- 
dredth.  But  while  we  prane  the  luxuriant  shoots  of  youthful  invention, 
we  must  Temcmber  to  perform  our  task  with  Icnicn'-v,  and  to  wliow  that  we 
wifth  only  to  ^mvo  ad<litional  vigour  to  the  healthful  branches,  and  not 
to  extirpate  tlu*  parent  plant. 

Tlie  Repository  of  the  Royal  Institution,  as  soon  as  it  can  be  properly 
faniuiheti,  will  l>e  considered  as  a  supplementary  room  for  apparatus,  in 
which  the  most  intereeting  models,  esdiibited  and  described  in  tlie  lectoies^ 
will  be  placed  for  more  frequent  inspection,  and  where  a  few  other  articles 
may  perhaps  deserre  admission,  which  will  not  require  so  particular  an 
explanation.  To  those  who  have  profited  by  the  lectures,  or  who  are 
already  too  far  advan<^  to  stand  in  needoftiiem,  our  rooms  for  reading 
and  for  litorarv  conversation  may  he  a  source  of  mutual  instnu  tiou.  Our 
library  in  time  must  cuntain  all  those  works  of  iinjtortanct'  which  n  too 
expensive  for  the  private  colle<  tioiis  of  tin-  u:enerality  of  indiviiluals  ;  winch 
are  necessary  to  complete  the  kuowledgu  of  particular  sciences,  and  to 
which  references  will  occasionally  be  given  in  the  lectures  on  those  sciences. 
Our  journals,  free  from  commerchU  shackles,  will  present  the  publics 
from  time  to  tim^  with  concise  accounts  of  the  most  intnesting  novelties ' 
in  sdence  and  in  the  useful  arts ;  and  they  will  furnish  a  perpetual  incite- 
ment to  their  editors  to  appropriate,  as  much  ])os-,ib!e,  to  their  own 
improvement,  whatever  is  valuable  in  the'  pubUcations  of  their  cotempo- 
raries.  WT\cn  all  tlie  advantnirc*!  which  may  reasonably  l>e  cxpectetl  from 
this  institution  nhall  ])C  fully  unilerstoo<1  and  impartially  coosideitMl,  it  i<« 
to  be  lioped  tliat  few  persons  of  libenil  mintls  will  be  iiuliilereut  to  its 
success,  or  unwilling  to  contribute;  Ijj  it  ami  to  jiartlcipate  in  it. 

To  that  regulation,  which  forbids  the  iutroductiou  of  any  discuasioiH 
connected  with  the  learned  professions,  I  shall  always  most  willingly  8ubmil» 
and  most  punctually  attend*  It  requires  the  study  of  a  consadenkble  portion 
of  a  man^slifo  to  qualify  him  to  he  of  use  to  mankind  in  any  of  them ;  and 
notldng  can  be  more  pernicious  to  individuals  or  to  society,  tlian  the 
attempting  to  proceed  practically  upon  an  imperfect  conception  of  a  few 
first  principles  only.  In  physic,  the  wisest  can  do  but  little,  and  the  igno- 
rant can  only  do  wf>ri4e  than  nothing  :  and  anxi«)usly  as  we  are  (lispo«»pd 
to  seek  whatever  relief  the  learned  and  experienced  may  be  able  to  all'ord 
us,  so  cautiously  ouyjht  \ve  to  iiv«»id  the  mischievous  interference  of  the 
half-studied  empiric  :  in  politics  and  in  religion,  we  need  but  to  look  back 
on  the  histoiy  of  kingdoms  and  republics,  in  order  to  be  aware  of  the 
mischiefs  which  ensue,  when    fools  rush  in  where  angels  fear  to  tread." 

Deeply  impressed  with  the  importance  of  mathematical  investigations, 
both  for  the  advancement  of  sdence  and  for^  improvement  of  the  mind,  I 
thought  it  in  the  first  place  an  indispensable  duty  to  preM~>nt  the  Royal  lnsii<% 
tution,  in  my  Syllabus,  with  a  connected  system  of  natural  philosophy, 
on  a  plan  seldom,  if  ever,  before  executed  in  tin-  most  copious  treatises. 
Proceeding  from  the  simplest  axioms  of  abstract  Tuathematies,  the  Syllabus 
contains  a  strict  demonstration  of  f  very  proposition  wliich  1  have  found  it 
necessary  to  employ  throughout  the  whole  extent  of  natural  philosophy. 
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In  tlif  n«truuomical  part  only,  some  obsen'ations  occur,  unsupported  by 
matiit'Uiutual  evidence :  here,  huwevf>r,  it.  \\  iis  ju*  impracticable  as  it 
^^  '  tild  have  Ujcii  useless  to  attempt  ui  t  nk  r  into  investigations,  which  in 
mnny  instances  have  been  extended  far  l>eyond  the  limits  even  of  Newton's 
reaeATcheft.  But  for  II10  sake  of  Uioee  who  are  not  diipoaed  to  undertake  tbo 
Uboiur  of  foUowing,  with  mathemailral  accuracy,  all  the  steps  of  the 
demonstrations  on  which  the  doctrines  of  the  mechanical  sciences  are 
feiittded,  I  shall  endeavour  to  avoid,  in  the  whole  of  this  contae  of  lectures^ 
every  intricacy  which  mi-rht  he  perplexing  to  a  beginner,  and  every 
argnraent  which  is  fitter  for  the  closet  than  for  a  public  theatre.  Here  I 
propose  to  support  the  same  jiroponitions  by  cxpcniufntj-l  juoofs:  not  thiit 
1  con?<i»hT  such  proofs  us  the  most  conclusive,  «ir  as  more  iiitere^^tintr  to  a 
truly  jthilosophic  mind  than  a  dcdueti'in  from  general  principles  ;  but  Itecause 
there  is  a  satisfaction  in  discovering  tlie  coincidence  of  theories  with 
visible  eflfecta^  and  because  objecta  of  sense  are  of  advantage  in  assiating 
the  imagination  to  comprehend,  and  the  memory  to  retain,  wlist  in  a  more 
abstracted  form  might  £ul  to  ezeile  sufficient  attention. 

This  combination  of  experimental  with  analogical  arguments  constitutes 
the  principal  merit  of  modern  philosophy.   And  here  let  the  citizen  of  the 
world  excuse  the  partiality  of  an  Kiiglishman,  if  I  pride  myself,  and  con- 
gratulato  my  audience,  on  tlie  decideil  !?uperiority  of  our  own  country,  in 
the  first  estahlisliment,  and  in  the  .sul>set|iii'nt  cultivation,  of  the  true  j»hi- 
luw)phy  of  tlie  optia'ions  of  nature.    I  grant  that  wt-  luive  at  times  been 
culpably  negligent  of  the  laboui-s  of  others  ;  tlmt  v\  c  lia\  e  of  late  suffered 
eur  neighbours  to  excel  us  in  abstract  mathematics,  and  perhaps,  in  some 
instances,  in  jtatient  and  persevering  observation  of  naked  phenomena.  We 
have  not  at  this  moment^a  Lagnnge  or  a  Laplace :  what  we  have  I  do  not 
tlunk  it  neoessaiy  to  enumerate :  but  there  is  a  certain  combination  of 
tlieoretical  reasoning  with  experimental  inquiry,  in  which  Great  Britain, 
from  the  time  of  the  refonnation  of  j)hilo8ophy,  has  never  been  inferior  to 
any  nation  existing.    I  need  only  refer  to  the  Transactions  of  the  Royal 
Society,  for  abundant  instances  of  the  mode  of  invest  ligation  to  which  I 
allude  ;  and  1  will  venture  to  affirm,  that  their  hite  ])ubHcations  are  equal 
in  importance  to  any  that  have  preceded.    It  was  iu  England  tlmt  a  Bacon 
first  taught  tlie  world  the  true  method  of  the  study  of  nature,  and  rescued 
science  from  that  barbarism  in  whidi  the  followers  of  Aristotle,  by  a  too 
servile  imitation  of  their  master,  had  involved  it ;  and  with  which,  even  of 
late^  a  mad  spirit  of  innovation,  under  the  name  of  the  critical  philoeophy, 
has^  in  a  considerable  part  of  Europe,  again  been  threatening  it.  It  waa  in 
this  country  that  Newton  advance<1,  with  one  gigantic  stride,  from  the  re- 
gions of  twilight  into  the  noon  day  of  science.    A  Boyle  and  aHooke,  who 
would  otherwise  have  been  deservedly  the  boast  of  their  century,  served  f  nf 
OS  uhscure  foremnners  of  NewUui's  glories.  After  these,  a  crowd  ot  eminent 
men  succeedetl,  each  of  great  indivlihial  merit;  but,  al'sorlicd  ia  the  prose- 
cution of  tlie  Newtonian  discoveries,  they  chose  rather  to  be  useful  by  their 
humble  industry  than  to  wander  in  search  <tf  the  brilliancy  of  novelty*  It 
is  difficult  to  judge  of  our  ootemporariea ;  but  we  appear  at  present  to  be 
in  poesession  of  more  than  one  philoeopher,  whose  namee  posterity  will  be 
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eager  to  rank  iu  the  same  class  with  the  few  that  have  been  enumerated. 
But  it  is  not  our  present  bnslnesB  to  enter  into  die  bistoix  of  scmuco  ; 
nepedGng  wbat  is  supposed  to  be  wbolly  nnlcnown  we  can  have  liltk 
cttriositjr :  ft  short  sketch  of  the  progress  of  each  bntnch  of  natural  philoeo- 
pfay  irill  be  mora  pioperly  introduced  afler  we  have  finidied  our  inveetigft* 
lion  vi  the  principal  doctrines  belonging  to  it. 

With  regard  to  Uie  mode  of  delivering  these  lectures,  I  shall  in  general 
intreat  ray  audience  to  pardon  the  furniality  of  a  written  discourse,  in 
favour  of  the  adviinta^e  of  i\  sujienor  degree  of  onlcr  am!  perspicuity.  It 
would  unquestionably  be  desirable  that  every  syllable  adviuued  should  be 
rendered  perfectly  easy  and  comprehensible  even  to  the  most  uninformed  ; 
that  the  moat  inattentive  might  find  sufficient  variety  and  entertsinment 
In  what  is  submitted  to  them  to  exdte  their  curiosity,  and  that  In  all  cases 
the  pleaan^  and  sometimes  evm  the  satpriting,  should  be  united  with  the 
InstractiTe  and  the  Important.  But  whenoTer  there  appean  to  be  a  real 
iin|)ossibility  of  reconciUng  these  various  objecCi^  I  shall  ef^teem  it  better  to 
seek  for  substantial  utility  than  temporary  amusement ;  for  if  we  fail  of 
being  useful  for  want  of  being  sufficiently  popular,  we  remain  at  least 
resjieetable  ;  but  if  we  are  unsiuce>>^fvil  in  our  attempts  to  amuse,  we 
immediately  appear  triiliiig  and  conteniptilih".  It  tshall,  however,  at  all  times 
be  my  endeavour  to  avoid  each  exti-eme ;  and  I  trust  that  1  sliall  then  only 
be  condemned  when  I  am  found  abstruse  from  otiteuiation,  or  uninteresting 
from  snpineness.  The  most  difficult  flilug  for  a  teacher  is,  to  recollect  how 
mndi  it  cost  himsdf  to  learn,  and  to  accommodate  his  instruction  to  the 
appnhension  of  the  oninfotmed :  by  bearing  in  mind  this  observation,  I 
hope  to  be  able  to  render  my  kctores  more  and  more  intelligible  and 
familiar  ;  not  by  passing  over  difficolties,  but  by  endeavouring  to  facilitate 
the  task  of  overcoming  them  ;  and  if  at  any  time  I  appear  to  have  failed  in 
this  attempt,  I  shall  think  myself  honoured  by  any  snbsequent  inquiries 
that  my  autUence  may  lie  (iisposeii  to  make. 

We  have  to  extend  our  views  ovt-r  the  whole  circle  of  natural  and  arti- 
ficial knowledge,  to  consider  iu  dcUiil  the  principles  and  application  of  the 
philosophy  of  nature  and  of  art  We  are  to  discuss  a  great  number  of 
sabjects,  to  each  of  which  a  separate  title  and  rank  among  the  sciences  has 
sometimes  been  asrigned ;  and  it  is  neoessaiy,  in  order  to  obtain  a  disUnct 
coneqition  of  the  foundation  and  relation  of  each  subdivlnon,  to  pay  par- 
ticular attention  to  the  order  in  which  the  sciences  are  to  be  treated,  and  to 
the  oonneadon  which  subsists  between  them,  as  well  as  to  the  degree  of 
importance  whic  h  each  of  tliem  claims,  with  regard  either  to  theory  or  to 
practice.  To  insist  on  tlie  propriety  of  a  distinct  and  lot^iral  order  is  unne- 
cessary ;  for  however  siiperflnous  Ave  may  deoui  the  8chola«tic  forms  of 
rhetoric,  it  is  confessedly  advantai^cous  to  the  judgment  as  well  an  to  the 
memory,  to  unite  those  things  which  are  naturally  connected,  and  to  sepa- 
rate those  which  are  essentially  distinct.  When  a  traveller  is  desirous  of 
becoming  acquainted  with  a  city  or  country  before  unknown  to  him,  he 
naturally  begins  by  toldng,  from  some  elevated  ntnation,  a  distant  view  of 
the  distribution  of  its  parte ;  and  in  the  same  manner,  before  we  enter  on 
the  particular  considemtion  of  the  subjecto  of  our  researches,  it  may  be  of 
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lue  to  lonn  to  onndvet  a  ganaml  Mm  of  the  Mim«  sad  arte  whWb  sn  to 
be  pkoed  among  than. 

Upon  the  adTintagw  of  mathmnatieal  and  phUoaophioal  inveaUgation  in 
ganeEal  it  is  oniuKs^wry  to  enlarge  because  no  llhcral  miud  can  require 
any  arguments  to  be  convinced  how  maoh  the  judgment  is  strangthened, 
and  Uie  invention  aHMiHted,  hy  hal)it.s  of  reasonini?  with  caution  and  accu- 
racy. Tiio  y>ul>lic  opinion  is  rntlier.  on  the  contrary,  in  danger,  at  least  in 
Mome  parts  of  the  world,  of  l>euig  too  exclusiTely  biassed  in  favovir  of 
natural  philosophy ;  and  ha^  t>umt>timeji  been  inclined  to  a  devotion  too 
much  limited  to  science,  \^'itlioat  a  sufficient  attention  to  such  literature  aa 
an  eUgant  mind  alwnya  deeiMa  to  lea  nnited  with  it  Ai  to  the  pnetical 
Importance  of  philoaophioal  theoiies  of  the  arta^  H  may  have  been  overtated 
by  eome,  but  no  penon  ia  authorised  to  alBm  that  it  haa  been  too  highly 
eriimaied,  unlets  he  haa  made  himself  master  of  ereiy  thing  that  theory  ia 
capable  of  doing  ;  such  a  one,  altliough  he  may  in  some  oasea  be  obliged  to 
confess  the  insufficienoy  of  our  oaloulationa^  will  never  have  reason  to  com- 
plain of  thoir  fallacy. 

The  division  of  tiie  whole  cMjurse  of  lectures  into  tki-ee  parta  was  origi- 
nally sujf^ested  Ijy  the  perio<lic-al  succession  in  wliicli  the  appointed  hours 
recur  :  but  it  appeals  to  be  more  convenient  ihnu  aiiy  other  for  tlie  I'egular 
dassifieat&en  of  the  subjecta.  The  general  doctrinea  of  motkm,  and  their 
iqvpEeatioii  to  all  porpoaes  Tariahle  at  pUasnre^  supply  the  materials  of  the 
first  two  parte;  of  which  tho  ona  treata  of  the  motiona  of  solid  bodies,  and 
the  other  of  those  cf  fluids,  including  the  theory  of  light.  The  third  part 
relates  to  the  particular  hbtory  of  the  phenomena  of  nature,  and  of  the 
affections  of  bodies  actually  existing  in  the  universe,  independently  of  the 
art  of  man  ;  comprehending  astronomy,  peoprraphy,  and  the  doctrine  of  the 
propeiiies  of  matter,  and  of  the  looiit  genial  and  powerful  agents  that 
inHueuce  it. 

The  synthetical  order  of  proceeding,  from  simple  and  general  principles!, 
to  their  more  intricate  combinations  in  particular  cases,  is  by  far  the  moat 
Qompendioua  for  oonveying  infiormatioii  with  regard  to  sdenoes  that  are  aft 
all  rsfetabla  to  certain  fundamental  lawa.  For  these  laws  being  once 
established,  each  Act,  as  soon  as  it  ia  known,  sssnmsa  its  place  in  the 
system,  and  is  retained  in  the  memory  by  its  relation  to  tlie  rest  as  a  con* 
necting  link.  In  Uie  analytical  mode^  on  the  contrary,  which  is  absolutely 
necessary  for  the  first  investigation  of  truth,  we  are  obliged  to  begin  by 
collecting  a  nunil>er  of  insulated  circumstances,  which  lead  us  back  by 
deirrees  to  the  knowledge  of  original  jninciples,  but  which,  until  we  arrive 
at  those  priuciples,  are  merely  a  burden  to  the  memory.  For  the  plieuo- 
mena  <^  nature  resemble  the  scattered  leaves  of  the  Sibylline  prophecies ; 
a  word  only,  or  a  sbgle  syllable,  ia  written  on  each  leaf,  which,  when  sepa> 
ratcly  c(»uddered,  conreya  no  inatmction  to  the  mind ;  but  when,  by  the 
labour  of  patient  inveatigation,  every  fragment  ia  replaced  in  its  appropriate 
conneidon,  the  whole  begina  ai  once  to  apeak  a  peespicuona  and  a  harmoni- 
ous  language. 

Proceediuff,  tlierefore,  in  the  synthetical  order,  we  set  out  from  the 
abstract  doctrines  of  mathematics  renting  to  quantity,  qiae^  and  number, 
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which  we  pus  over,  as  aoppoaed  to  be  previously  understood,  or  as  eulS- 
cientlj  ei^lained  in  tiie  mathematiol  eloneiiti,  and  go  on  to  their  imme- 
diate application  to  meehanios  and  hydrodynamice^  or  to  andi  cases  of  the 
motions  of  solids  and  fluids  as  are  dependent  on  axbitnuy  aesnnptions,  tiiat 
ifl^  where  we  do  not  confine  our  inquiifes  to  any  particular  cases  of  existing 
,  phenomena.  By  means  of  principles  whidi  are  deducible  in  a  satisfactory 
manner  from  mathematical  axioms,  with  the  assistance  only  of  the  jrencral 
of  iuthiction,  we  shall  be  able  to  draw  sucli  conclnsions  as  are  ca|iabie 
of  jiivirii^  us  very  inijiui-tant  infonnatidii  reppectini;  the  operations  of  na- 
ture and  ot  art,  and  to  lay  down  such  lawH,  aa,  tu  an  iiniuformed  person, 
it  woiUd  appear  to  be  beyond  the  powers  of  reason  to  determine  without  the 
assistance  of  experiment.  The  afiMons  of  fallii^  bodies  and  of  projectilee, 
the  phenomena  of  bodies  revolving  round  a  ceptn^  the  motums  of  pendn- 
hime,  the  proptttics  of  the  centre  of  gravity,  the  eqnilibriiim  of  ftvrees  in 
machines  of  different  Icinds,  the  laws  of  preponderance,  and  the  effects  of 
collision ;  all  these  are  wholly  referable  to  axiomatical  evidence,  and  are 
frequently  applioaMe  to  important  nscs  in  practice.  Upon  these  founda- 
tions we  sliall  proceed  to  the  general  i>rinei])les  of  maehinerv^  and  the 
application  of  forces  of  different  kinds :  we  bhall  inquire  wlmt  are  the 
principal  sources  of  motion  that  we  can  subject  to  our  command,  and  what 
advantages  are  pccuUar  to  each  of  them:  and  tlien,  according  to  the 
purposes  for  which  thej  are  employed,  we  shall  Sipatately  examine  the 
principal  machines  and  mannfiustnzes  in  which  those  Ibzces  are  applied  to 
the  service  of  mankind. 

Such  instninients  and  machines  as  are  more  or  less  immediately  subser- 
vient to  mathematical  purpoees  will  be  the  fint  in  order,  iocluding  all  the 
nicclijiiiifim  of  literature,  t!ie  arts  of  writinp;,  enjrravin!*  and  printing,  in 
their  various  branches,  and  the  eoniparison  of  lueajsures  with  each  other 
and  with  different  standards  ;  the  princij)les  of  jx  i»pective  will  also  funn  a 
useful  appendage  to  the  deseription  of  pe(»nvetricul  instmment,^.  The  deter- 
mination of  weights,  and  uf  the  magnitude  of  moving  foree.s  of  various 
kinds,  conRtitnting  the  adcnce  of  stadca^  will  be  the  neadt  subject,  and  will 
be  followed  ]*y  the  consideration  of  the  retardbg  force  of  Mctaon,  and  of 
the  paaaive  etrength  of  the  varions  materials  tiut  are  empbyed  in  building 
and  in  machinery. 

All  these  subjects  arc  in  part  prepaiatoiy  to  the  immediate  examination 
of  the  mechanical  arts  and  manufacturra,  which  are  so  numerous  and  com- 
pUcnted  as  not  to  admit  of  recrnlar  arrangement  without  some  difficnlty  : 
they  may  however  be  divided  into  such  as  are  principally  employetl  for 
resisting,  for  niodifvTnjj:,  or  for  eounteractiufj,  any  motion  or  force  ;  thus 
architecture  and  carptntry  are  chielly  intended  to  resist  the  force  of  gravi- 
taUon :  these  comprehend  the  employment  of  the  mason,  the  bricklayer, 
the  joiner,  the  cabinet  maker,  and  the  locksmith.  In  theee  departments  It 
is  often  of  the  ntmoet  Importance  to  the  mechanic  to  recar,  especially  in 
works  of  magnitude,  to  philosophical  principles ;  and  In  many  ether  casei^ 
where  there  U  no  need  of  mneh  calculation,  we  may  etill  be  of  service,  by 
collecting  such  inventions  of  ingenious  artists  as  are  convenient  and  elegant, 
and  which,  attliough  simple  in  their  principles,  are  not  obvieiis  In  their 
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ariiiiigeiiieutH  ;  and  in  tlic  same  manner  we  may  be  able,  in  taking  a  pone- 
ral  view  of  othsr  arts  and  manufactures,  to  explain  their  principleii,  where 
ifaeoiy  is  ctmomud,  asd  to  exhiUI  piMtioal  ]weeed«iito»  when  the  natan 
of  dia  eabjMi  nqnins  no  nfinod  ioTtatiigiliiHi. 

The  tnodlficatioii  of  motioii  ai|d  foroe  indndeo  itt  oonunuiiieation  and 
aheration,  by  jointa  of  various  kindi^  by  wlieelwoi  k,  and  by  cordage,  and 
hs  equalisatiim  by  means  of  timekeepers.  The  subject  of  wheeiwork  gives 
confiderable  scope  for  mathematical  rcsearcli,  and  rerjuires  the  more  notice, 
as  it  lias  often  been  inaccurat^^lv  tn-atod  :  the  consirleration  of  cordnn-p  leadg 
us  tti  that  of  union  by  twistintr  and  hy  inieriiiixiure  of  lihres  ;  itu  hnling 
the  important  arts  of  carfling,  combing,  spinning,  ropemaking,  w  taving, 
fulling,  felting,  and  papermaking ;  which  constitute  tlie  employ  mcut  of 
many  mflhona  of  mannfaotoreia  of  all  ages  and  aenes^  in  every  part  of  the 
w«rid»  and  by  which  the  annual  and  TCgetaUe  ptoduetiona  of  a  Urge  pov 
turn  of  the  am&ee  of  the  globe  are  made  to  oontribnle,  aa  well  to  the  power 
and  riches  of  the  individoals  who  eapply  them,  as  to  the  health  and  oomfort 
of  the  public  that  oonanmes  them.  Tlio  admirahlc  art  of  the  watch  and 
clock  maker  b  a  peculiarly  interesting  department  of  practical  mechanics ; 
it  affords  employmf^nt  for  mathematical  investigation,  for  experimental 
in«|uirv,  and  for  ingenious  invention  ;  and  the  perfection  which  it  has 
dtrivetl  from  a  combination  of  these  means,  docs  honour  as  well  to  the 
nations  wlio  liave  encouraged  it  au  to  the  individuals  who  have  beea  en- 
gaged in  it. 

To  eountenot  the  powers  of  gTavHation  and  of  firietion,  is-  the  object  of 
snch  mariifawi  as  eie  vsed  for  nieing  and  lemovuig  weigfatB :  cnnei^  fric- 
tion wheels,  and  carnages  of  aU  kinda^  aie  nfersbk  to  this  hssd,  and  some 
of  them  have  betn  the  subjects  of  nnieh  speculation  and  experimeufc* 
Laetiy,  to  overcome  and  to  modify  the  cofpfuscalar  forces  of  cohesion  and 
rcptilsion,  and  to  change  the  external  forms  of  bodies,  is  the  ol)ject  of  nm- 
ciiinery  intended  for  compression,  extension,  p<  n  itration,  attrition,  tritura- 
tion, agitation,  and  demolition.  For  t)ipse  j  n  iKcs  we  employ  presses, 
fortrcR,  rolling,  stamping,  coining,  and  nulling  nuuhines;  the  processes  of 
digging,  ploughing,  and  many  other  agricultural  arts ;  boring,  mining, 
grinding,  polishing,  and  toning ;  milia  of  various  kinds,  thiashing  milli^ 
corn  mills,  oU  mills,  and  powder  miUi ;  besides  the  chemical  agents  con- 
cerned in  Uasling  Todn^  and  in  the  opeiationa  of  ariillaiy.  All  these  aria 
are  comprehended  in  the  Apartment  of  mechanics,  whidi  ctmstitutes  the 
first  division  of  this  course.  Not  that  we  diall  be  able  to  enter  ai  laigeitato 
the  detail  of  each  ;  but  having  formed  a  general  outline,  we  may  fill  up  its 
partienlar  partH  with  Tnore  or  lcs.««  minuteness,  as  we  mny  find  more  or  less 
matter  of  imjiortance  to  insert  in  each  ;  and  thosct  who  wisli  to  pursue  the 
siihjects  further,  will  everywhere  be  able  to  derive  great  assistance  from 
tiie  authors  whose  works  will  be  mentioned. 

The  doctrines  of  hydrodynanics  relate  to  the  motions  and  alfeotiona  of 
ftnida,  in  wiiich  we  no  longer  consider  each  Astinei  partide  that  ia  capable 
of  ssparato  motion,  bat  where  we  attend  to  the  effiact  of  an  Infiaito  nnmber 
of  particles,  constituting  a  liquid  or  aeriform  aggr^te.  The  general 
theoiy  of  such  raotioos  will  be  pmmisedy  under  tlie  heads  bydrostaticsy  or 
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ib«a£botuiii9cf  Uqaidi  AimI;  jiiiwiiiKlindifiw  nrthr  properttattifehilie 
flitidfl  $t  nat;  and  bydisnlioa^  or  the  tliMiy  of  fluids  in  motion.  Tho 
pnctical  i^dioalum  of  this  tfaooiy  to  hydiwalio  oad  pnowmotio  mocihinwi 
is  d  vety  ooniiderabk  impoitsnoc^  and  is  as  intmsting  to  the  phUosophMT 

as  it  is  necessary  ia  the  engineer.  The  employment  of  the  force  of  water 
and  wind  to  the  best  advantaf^,  the  dxalaingof  lands  and  mines,  the  supfilly 
of  water  for  domestic  convenience,  the  manrpuvres  of  seamanship,  the  con- 
kitruction  of  the  steam  enirino,  nre  all  dependent  upon  hydrodynamical 
])riiiriples,  and  are  often  cunsidered  as  comprchende<l  in  tlie  K-ience  of 
liy  (h  aulier.  Harmonics  and  optics,  the  remaining  p&rtd  of  tliLs  divisiuu,  are 
more  insulatid  :  the  doctrine  of  sound,  the  Uieorjr  of  muuc,  and  the  con- 
stmelion  of  muicai  instntiiiint%  are  aa  plwiiny  to  the  intsUset  in  theory, 
as  fhey  an  guiiMyvag  to  the  aanaae  in  praetice ;  but  tlie  aeianoe  of  optifls  is 
not  1<«  intereetingy  and  at  the  tame  tima  fiir  nuwe  nsafcl ;  the  iaatnunents 
which  It  fnniiahte  are  of  almoist  IndispenaaUe  ntmmty  to  the  navigator,  to 
the  naturalist,  to  the  physiologist,  and  even  to  the  nuM  of  business  or  plea- 
sure. It  is  perhaps  in  this  science  that  many  persons  of  the  pfreatest 
genius  have  been  tlie  must  hap])ily  employed.  The  rea«on^  for  which  it  is 
classed  as  a  division  of  liydnMlynaimca  will  be  explaine<l  hereuitor. 

The  contemplation  of  the  particular  phenomena  of  nature,  as  they  are 
displayed  ia  the  universe  at  large,  contributes  perhaps  ieaa  to  the  pc^iiectiuu 
of  any  of  the  arte  which  are  Imniedlately  snbearnent  to  profit  or  oonvo- 
nienoc^  than  tlie  stady  of  medianicB  and  hydfodynamice.  Bat  file  dignity 
and  magnifieonoe  of  eone  of  Iheee  phenomena^  and  the  beauty  and  variety 
of  othen,  leader  them  higMy  intN«sting  to  the  pliileeophioal  mind ;  at  the 
same  time  that  some  of  them  are  of  the  utmoet  importance  in  their  appli- 
cation to  the  purposes  of  life.  In  all  these  respects  the  science  of  astro- 
nomy holds  the  hrst  rank  ;  !tsu«^*^  in  assisting  navi^ti on,  and  in  regulating 
chronoloijy,  arc  beyond  all  calcuiation.  Gcojjra]»hy  and  hydrography,  or 
the  i)ai-ticular  histoi-ies  of  the  eartli  and  .sea,  are  immediately  connected 
with  astronomy.  The  discussion  of  the  properties  of  matter  iu  general, 
and  of  the  alteiailieaa  of  temperataie  to  wiiidi  all  bodies  are  liable,  has  not 
hitherto  reodved  a  diitlnct  appellation  as  a  idenee  $  bat  both  theee  subjecte 
require  a  sapaiale  ooanderatiott,  and  afford  a  vaet  eeope  for  speovlation 
and  for  obaerratlon*  Electricity  and  magnetism  an  partly  referable  to  the 
adftetions  of  matter,  and  partly  to  the  agency  of  substances  which  appear 
to  agree  with  common  matter  in  some  properties  and  to  differ  from  it  in 
others.  The  phenomena  produced  by  these  at^nts  are  often  stieh  as  excite 
a  decree  of  curio«ity  to  in<iiTitT  into  tlieir  causes,  althoujih  the  inquiry 
too  often  terminates  only  in  astoiiishment  ;  hut  we  have  reas^^m  to  expect 
considerable  advancement  in  them.'  hcicuce^  from  the  singular  diMx>veric»  of 
modem  chemists.  The  utility  of  the  philosophy  of  electricity  is  sufficiently 
exemplified  in  the  general  introdnetioa  of  eondactots  for  eeoaring  us 
against  lightning,  to  aay  nothing  of  the  oeeaaional  enployment  of  electridty 
in  medieine ;  and  lince  the  important  dieooveiy  of  the  oompaie,  we  have 
only  to  lament  that  the  changeable  natan  of  magnetie  elieots  so  mneh 
limits  the  utility  of  that  inatrament  for  nautical  and  geographical  puipoaoa. 
Of  meteorology  aad  of  geology  our  knowledge  is  hitherto  veiy  imperfiMsL 
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Notwithstanding  many  iliflfuse  treatises  which  relate  to  them  we  cannot 
boast  of  liaving  reduced  them  to  any  determinate  laws  ;  and  yet  there  are 
some  meteorological  facts  which  well  deK»erve  our  attention.  Natural  history 
is  the  laat  of  the  aeienoes  that  it  wUl  be  noeefloaiy  for  us  to  aotaee.  Some 
msy  think  it  snperfluoiie  to  sUempt  to  give  so  eaperfici«l  a  sketch  of  this 
most  extensive  sabjeet  as  our  plan  will  allow ;  hut  it  is  still  posdble  to 
sdeet  some  general  observations  respeedng  the  methods  of  classifioatioa,  as 
well  as  the  phiksophj  of  natural  history,  which,  although  very  eondse^ 
may  yet  he  in  some  measure  instructive.  This  third  division  of  the  course 
wonld  properly  include,  together  with  the  general  proy.erties  of  matter  and 
tlie  particular  actions  of  its  j)article8,  the  whole  bcieiice  of  chemistry ;  but 
the  variety  and  importance  of  chemical  researches  demand  a  s<'f)arate  and 
minute  discussion ;  and  the  novelty  and  beauty  of  many  of  tiic  experi- 
ments with  wbidi  the  laboun  of  our  eolempofaries  Imve  pressnted  us»  and 
which  will  be  exhibited  in  the  theatre  of  the  Royal  Institution  by  the  pio- 
fessor  of  Chemistry^  axe  sufficient  to  make  this  department  of  natural  phi- 
losophy the  most  entertaining  of  all  the  sciences. 

Such  is  the  whole  outline  of  our  plan,  and  sudi  are  the  practical  uses  to 
which  the  arts  and  sciences  compreliendetl  in  it  are  principally  applicable. 
Before  we  proceed  to  the  examination  of  its  several  parts,  we  must  pause  to 
con'^i'lcr  the  mode  of  reasoning  which  is  thumost  generally  to  Ije  adopted.  It 
deiKu  Is  Oil  the  axiom  which  has  ahvavs  lieen  essentially  concerned  in 
every  improvement  of  natural  philosophy,  hut  which  luis  been  more  and 
more  employed,  ever  sines  the  revival  of  lettns^  under  the  name  induction, 
and  which  has  been  sufficiently  discussed  by  modem  metaphysicianB. 
That  like  causes  produce  like  efieets,  or  that  in  similar  dreumstanoea 
similar  eonss^uences  ensue,  is  the  most  general  and  moat  impoitant  law  of 
nature ;  it  is  the  foundation  of  all  analogical  reasoning,  and  is  collected 
from  constant  experience  by  an  indispensable  and  unavoidable  propensity 
of  the  human  miiKl. 

Itdoes  not  aj)i)ear  that  we  can  have  any  other  accurate  conception  of  cfin«a- 
tion,  or  of  the  cotmexion  of  a  cause  with  its  effect,  than  a  .strong  impression 
of  the  observation,  from  uaifonn  experience,  tiiat  the  one  hasi  constantly 
followed  the  other.  We  do  not  know  the  intimate  nature  of  the  connexion 
by  which  gravity  causes  a  stone  to  fall,  or  how  the  string  of  a  bow  uiges 
the  arrow  forwards ;  nof  is  there  any  original  absurdity  in  supposing  it 
possible  that  the  stone  nught  have  renuuned  suspended  in  the  ur,  or  that 
the  bowstring  might  have  passed  through  the  arrow  as  liu'ht  passes  through 
glass.  But  it  is  obvious  that  we  cannot  help  concluding  the  stone's  we%ht 
to  he  the  cause  of  its  fall,  and  that  every  heavy  body  will  fall  unless  snp- 
porte<l  ;  and  the  pressure  of  tlie  strin^■  to  l»o  the  cause  of  the  arrow's  mo- 
tion ;  and  tliat  if  we  hhoot,  the  arrow  will  fly;  if  we  hesitated  to  make 
these  conclusion",  we  should  often  pay  dear  for  our  scepticism.  This  ex- 
planation is  suthcieut  to  show  tlie  identity  of  the  two  exprt^iouH,  tliat  like 
causes  produce  Uke  efiects,  and  that  in  rilnrilar  circumstances  similar  c<ni- 
ssquanoea  ensue.  And  such  is  the  ground  of  aignmcnt  from  experience^ 
the  simfdsst  prindple  of  reasoning  ailsr  purs  mattiematioal  trnttu^  which 
appear  to  be  so  far  prior  to  experience,  as  thdr  contradiction  always  im- 
plies  an  absurdity  repugnant  to  the  imsgiuation. 
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In  the  app]ic«tloii  of  indndbn  {he  gnaM  eantioii  and  eifeonupaetioit 
are  neoesaaiy ;  for  it  is  obvious  that,  before  we  csa  infer  with  oettainty 
the  eompleCe  ^inilaritjr  of  two  events,  we  must  be  perlectly  well  assured 
that  we  are  acquainted  with  every  (dreunutance  which  can  have  any  rela- 
tion to  their  causes.  Tlie  en-or  of  some  of  Uie  ancient  schools  consisted 
principally  in  tlie  want  of  sufficient  precaution  in  tliis  respect ;  for  although 
Bacon  is,  with  great  justice,  considered  as  the  autlior  of  the  most  correct 
method  of  induction,  yet,  accordinf^  toliis  own  stjitcincnt,  it  was  chiefly  the 
guai'Jed  ami  gruduul  application  of  tlu  iat)de  of  argument  that  he  laboured 
to  introduce.  lie  reniaiks  tiiat  tlie  Aribioteliaus,  from  a  hasty  observa- 
tion of  a  few  concurring  faets^  prooseded  immediately  to  deduce  universal 
principles  of  sdence  and  fundamental  iavw  of  nature,  and  then  derived 
from  theses  by  their  syllogisnus  all  the  parlleular  cases  whioh  ought  to 
have  been  made  intermediate  steps  in  the  inquiry*  Of  such  an  error  we 
may  eanly  find  a.  familiar  instance.  We  observe  that,  in  general,  heavy 
iKidies  fall  to  the  ground  unless  they  are  supported  ;  it  was  therefore  con- 
cluded that  all  heavy  bodies  tend  downwards ;  and  since  flame  was  most 
frequently  seen  t^  rise  upwards,  it  vvas  inferred  tliat  flame  was  naturally 
and  absolutely  lii,dit.  Had  suffifknt  precaution  boon  employed  in  ul  -  j  v- 
Ing  the  effects  of  fluids  on  laiiing  and  uu  floating  bodies,  in  examining  tiic 
relations  of  flame  to  the  dzcumambiwit  atmosphere,  and  in  asoertaiibig 
the  specific  gravity  of  the  air  at  different  temperatures^  it  would  readily 
have  been  diaeovered  that  the  greater  weight  cf  the  colder  air  was  the 
cause  of  the  ascent  of  the  flamcj  flsme  being  less  heavy  than  air,  but  yet 
having  no  positive  tendency  to  ascend.  And,  accordingly,  the  Epieureaii% 
whose  argument^  as  far  as  they  related  to  matter  and  motion,  were  oAmi 
more  accurate  than  thow  of  their  cotcmporaries,  had  corrected  this  error  ; 
for  we  lind  in  the  second  hoQk  of  Lucretiua  a  very  joiit  explanation  of  the 
pheuomenou. 

*'  See  with  whst  fbroe  yon  riier's  cryetsl  sivcsm 

Resistd  the  weight  of  nuuiy  a  souissy  beam. 

To  link  the  wood  the  more  we  vainly  toil, 

Ttie  hight-r  it  rchouiid.s,  vdth  swift  recoil. 

Yet  that  Uit;  lieam  would  of  itself  ascend 

No  man  will  neUj  ventttfe  to  contend. 

Urns  too  the  fleme  hes  we%ht,  1hoa|h  h^dj  rare. 

Nor  moonts  bet  wfasn  compelled  by  hsafier  sir." 

It  may  he  proper  to  notice  here  those  axiomn  which  are  denominated  hy 
Newton*  rules  of  philosopliizinir  ;  althoti'jh  it  nni-^t  he  confessed  that  tlicy 
remier  us  very  little  immediate  jus^isUiUce  in  our  invcsti^'jitions.  The 
first  is,  that  no  more  causes  are  to  be  admitted  as  exii>ting  in  nature  than 
are  true  and  sufficient  for  exphuniug  the  phenomena  to  be  considered  :*' 
the  second,  ^therefore  effiscts  of  the  same  kind  are  to  be  attributed,  as  lar 
as  is  posaible^  to  the  same  causes thirdly,  **  those  qualities  of  bodies  which 
cannot  be  increased  nor  diminished,  and  iiHudi  arc  found  in  all  bodiss 
within  the  reach  of  our  expefiments,  aie  to  be  oui^dered  as  gmeral 

*  Frinctpia  i  IntroducUoD  to  Book  ill. 
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qualities  of  all  l)o(3ies  existing:*'  fourthly, « in  «xperiiiientiil  phUoaophy, 
propositions  collected  by  induction  from  phenomena,  are  to  be  esteemed 
either  accumtcly  or  very  nearly  irv.o.  notwithstanding  any  oontrari'  Itypo- 
thesis,  until  other  phenomena  occur  by  which  they  may  either  be  corrected 
or  confuted.** 

As  an  illuiitration  of  the  remnrk,  that  these  axioms,  Uiough  strictly  true, 
ara  of  little  real  utility  in  assisting  our  investigations,  I  shall  give  an  in- 
stance ftom  the  nibjeefc  of  electridty.  Supposing  that  we  wiak  to  detonnine 
whether  or  no  tfaeeleetrie  flnid  has  weight ;  we  ara  to  Inqmie  whether  orno 
§[Tavitation  is  one  of  those  properties  which  an  deacoibed  in  the  third  rale, 
and  whether  tiiat  rule  will  authori>^  us  to  apply  it  to  the  electric  fluid,  aa 
one  of  those  qualities  of  bodto.s  \n  hich  cannot  be  increaaed  nor  diroiniahed, 
wTiiih  are  found  in  all  bodies  witli'm  the  reach  of  our  experiments,  and 
whieli  are,  therefore,  to  he  oonsidercil  as  general  qualities  of  all  bodies 
existing.  Now  it  appears^  t«>  be,  iu  the  first  place,  uncertain  whether  or  no 
the  increase  and  diminution  of  gravity,  from  a  change  uf  distance,  is  strictly 
compatible  with  the  terms  of  the  definition  ;  and,  in  the  second  place,  we 
ara  equally  at  a  loea  to  dedde,  whether  or  no  the  deotiic  flnid  can  with 
propriety  be  called  a  body ;  for  it  appean  in  some  respeeto  to  be  whoUj 
different  horn  tangible  mattor,  wliile  it  has  other  quaUtiea  in  common  witii 
it.  Such  are  the  difficulties  of  laying  down  general  lawa  on  so  oomprehen- 
sive  a  scale,  that  we  shall  find  it  more  secure  to  be  contented  to  proceed 
gradually  by  doner  inductions  in  ]mrticular  cases.  We  sliall,  however, 
seldom  be  much  emharransed  in  the  choice  of  a  mode  of  ar<;utnentation.  The 
laws  of  motion,  which  will  be  tlie  first  immediate  tiubjects  of  disfussioTi, 
have  indeed  sometimes  been  referred  to  experimental  evidence ;  but  %ve 
shall  be  able  to  deduce  Uiem  all  in  a  satisfactory  manner,  by  means  of  our 
general  axiom,  from  raaaonings  purely  mathematicaly  which,  wheraver  thej 
an  applicable,  an  nnqneafcionably  preiemUe  to  the  imperfect  evidence  of 
the  aenaea^  employed  in  eacperimental  inveatigationa.* 


LECTURE  II. 


ON  MOTION. 

Tam  whole  aoiaiiee  of  meehanice  depends  on  the  lawa  of  motion,  either 
actually  existing  or  8up])ressed  by  the  opposition  of  the  foroea  whidi  tend 
to  produce  it.  The  natan  of  motion  reqnirea,  ttienCon^  to  be  partioalarly 
examined  at  the  entrance  of  the  aeience  of  mechanical  philosophy;  and 
although  the  subject  is  so  abstract  as  to  demand  some  effort  of  the  attention, 
being  seldom  capable  of  receiving  nnich  immediate  illustration  from  the 
objects  of  eense,  yet  we  riiali  find  it  indispensable  to  our  progreea  in  the 

*  Consult  Stewairt'«  Philosophy  of  the  Human  Mind,  2  vols.  1818-21,  v.  2.  Brown 
on  Cause  and  Effect.  Whemll's  FbiUMophy  of  the  Indactive  Sdenoes,  2  vols. 
1840. 
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investigation  of  numy  particular  problems  of  importance,  to  obtain,  in  the 
lirst  ]>hic'€i,  a  clear  cuaceptioa  of  the  properties  and  aiiiectioiis  of  mutions  of 
all  kiiidii. 

ObaoI  tiieandent  philosophers,  on  being  aaked  for  *  definition  of  motioii, 
U  said  to  htre  walked  tuenm  the  voom,  and  to  have  answered,  yon  mo  il| 
bat  what  it  is  I  cannot  tell  yon.  It  does  not»  however,  appear  aheolniel/ 
neoeMary  to  appeal  to  the  aeniea  for  tlie  idea  of  motion ;  for  a  definition  ia 
iiie  reedntion  of  a  oomplex  idea  into  the  more  aim|^  dements  which  oom- 
poae  it ;  and,  in  the  present  instance,  these  elements  are,  the  existence  of 
two  points  at  a  certain  distance,  and,  after  a  certain  interval  of  time, 
the  exlKtciU  i-  of  the  same  points  at  a  different  dihtance;  the  difference  of  the 
distances  being  supposed  to  be  nscertainod  according  to  that  postulate  of 
geometry  (which  lias  in  ^(cneial  been  tut  illy  understood,  but  which  I 
have  exprcMsly  inserted  in  the  geometrical  part  of  my  syllabus),  requiring 
that  the  length  of  a  line  he  eapable  of  hdng  identified,  whether  by  theefiect 
of  any  object  on  the  seneesy  or  merely  in  imagination. 

Motion^theKfore,  is  the  change  of  rectilinear  distance  between  two  pointa.* 
Allowing  the  accoracy  of  tiiis  definition,  it  appears  that  two  points  are 
necessary  to  constitute  motion ;  that  in  all  cases  whm  we  are  inquiring 
whetlier  or  no  any  body  or  point  is  in  motion,  we  must  reeur  to  some 
other  point  which  we  can  compare  with  it,  and  that  if  a  single  atom  existed 
alone  in  the  universe,  it  ouild  neither  be  said  to  be  in  motion  nor  at  rest. 
This  may  seem  in  some  measure  paradoxical,  but  it  is  the  necessary  con- 
sequcnce  of  our  defiuitiou,  and  tiie  paradox  is  only  owing  to  the  diflBculty 
of  imagining  the  esdstence  of  a  single  atom,  nnsurronnded  by  ionnmeialilf 
points  of  a  space  whidi  we  repxesent  to  onraelves  as  immoveable. 

It  has  been  for  want  of  a  precise  definition  of  the  term  motion,  that 
many  autiiom  have  fallen  into  confusion  with  respect  to  absolute  and  rela- 
tive motion.  For  the  definition  of  motion,  as  the  change  of  rectilinear 
distance  between  two  points,  appears  to  be  the  definition  of  what  is  com- 
monly caUed  relative  motion ;  but,  on  a  strict  examination,  we  shall  find, 
that  what  \vc  usually  call  al>solute  motion  is  merely  relative  to  some  sjiace 
which  we  imagine  to  be  without  motion,  ]»ut  which  is  so  in  imagination 
only.  The  space  which  we  call  quiescent  is  in  general  the  eartli's  surface  ; 
yet  we  well  kaom,  ftom  astronondcal  considerations,  that  every  point  of 
the  earth's  snrfoce  is  perpetually  in  moticm,  and  that  in  veiy  variona 
directions :  nor  are  any  material  objects  accessible  to  onr  sensss  which  we 
can  consider  as  absolutely  motionlees,  or  even  as  motionless  with  r^ard  to 
eadi  other ;  since  the  continual  variation  of  temperature  to  which  all  bodies 
are  liable,  and  tlie  minute  agitations  arising  from  the  motions  of  other 
bodies  w  ith  which  they  are  connected,  will  always  tend  to  produce  some 
impercejitible  change  of  their  distances. 

When,  therefore,  we  assert  that  u  l)ody  is  absolutely  at  rest,  we  only 
mean  to  compare  it  with  some  large  space  in  vvliich  it  is  contained  :  for 
tiiat  there  exists  a  body  absolutely  at  rest,  in  as  strict  a  sense  as  an  abso- 
lutely strught  line  may  be  concdved  to  exist,  we  cannot  positively  affirm ; 
and  if  such  a  quiescent  body  did  exist,  we  have  no  criterion  by  which  it 
*  See  Descartes  Princip.  Fhilos.  Part  ii.  f  25. 


Digitized  by  Google 


ON  MOTION.  U 

could  be  distinguisbed.  Sapposi^  a  lUp  to  move  at  the  rate  of  three  miles 
in  an  hour,  and  a  person  on  board  to  walk  or  to  he  dra«*n  towards  the|  , 
stem  at  the  same  rate,  he  would  be  relatively  in  motion  witli  resjject  to  the 
ship,  yet  we  might  very  properly  consider  iiiin  as  absolutely  at  rest  :  but 
he  would,  on  a  more  extended  view,  be  at  rest  only  in  relation  to  the 
oailh's  suzCace ;  for  he  would  still  be  revolviug  round  the  axis  of  the  earth, 
and  with  the  earth  raimd  the  sum  and  witlk  the  nm  and  the  whole  eolar 
tjFitem,  he  would  bed^wlj  oooTing  among  theetany  worlds  which  snyroond 
thttD.  Now  with  n^ect  to  any  efieela  within  the  ship*  aU  the  anbaeqaenl 
lalations  an  of  no  oonsequenee,  and  the  change  of  hid  rectilinear  distanea 
fnm  the  various  parts  of  the  ship  isaU  that  needs  to  be  eooiidMed  in  deter* 
mining  those  effects.  In  the  same  manner,  if  the  ship  appear,  by  compari- 
son with  the  water  only,  to  he  Tn<»vinrr  tlirontrb  it  witli  the  velocity  of 
thm*  miles  an  hour,  and  tiie  water  lie  inMviiii:  ni  the  same  time  in  a  con- 
trary direction  at  the  same  rate  in  coui.L4uuiicc  of  a  tide  or  current,  the 
sliip  will  be  at  rest  with  respect  to  the  bhore ;  but  the  mutual  acliomi  of  the 
•hip  and  tha  waiter  will  be  the  aame  aa  If  Aa  water  wan  aetuall/  at  net 
and  the  ship  in  motion. 

It  la  not  auffioieiit  to  obeerte  the  incnaee  or  deereaee  of  dietanoe  of  a 
moving  point  from  another  single  point  only;  we  must  compare  its  suoces- 
ww  ntnaitioM  with  many  other  pointe  ■iiironn<ring  it;  and  for  this 
purpose  these  points  must  be  at  rest  among  themselves,  in  order  to  be 
considered  as  belonging  to  a  quiescent  space  or  surface  ;  which  may  lie 
defined  as  a  sjmcc  or  Burface  of  which  ail  the  points  remain  alway  s  at  eijual 
distances  from  each  other  without  any  external  iiillueuce.  In  tlm  sense 
we  mubt  call  the  d&ik.  of  the  bliip  a  (^uiebcent  surface,  whether  the  ship  be 
aft  andior  or  under  sail ;  but  we  moat  not  conaider  a  anif^  revolving 
foand  a  oentva  aa  a  qnieeoent  anifiMi^  for  it  will  appear  bereafler  that  no 
andi  motion  ean  ezirt  witliont  the  influenoe  of  a  centripetal  force ;  which 
tenders  it  improper  for  determining  the  afiectiotte  of  a  moving  body« 

When  a  i)oint  is  in  motion  with  res]iect  to  a  quiescent  space,  it  is  often 
aimply  denominated  a  moving  point,  and  the  right  line  joining  any  two 
of  its  places  iumiediately  contiguouB  to  each  other  i^  called  its  direction. 
If  it  remains  continually  in  one  right  line  drawu  in  the  quiescent  space, 
that  line  is  always  tlie  line  of  its  directioii ;  if  it  describes  .several  right  lines, 
each  iuie  io  the  hue  of  ita  direction  as  long  as  it  contLnueb  m  it ;  but  if  its 
path  beeomee  curved,  we  can  no  longer  oonnder  it  aa  peifecUy  coinciding  at 
any  time  with  a  ri^t  lin^  and  we  muat  reenr  to  the  letter  of  the  defini-  , 
tloo,  by  aappoeing  a  itght  line  to  be  drawn  thnnigh  two  eacceeeive  pomta 
in  which  it  ia  fonndt  and  then  if  theee  pointe  be  conceived  to  appioacheafifa 
other  without  Umit  we  shall  have  the  line  of  its  direotion.  Now  each  a  line 
is  called  in  geometry  a  tangent :  for  it  meets  the  curve  but  does  not  cut  i^ 
provided  that  the  curvature  be  continued.    (IMate  I.  Fig.  1 — 3.) 

Having  formed  an  accurate  idea  of  the  nature  m<ition.  and  of  the  im- 
port of  the  teruuj  empl(»y*  1  in  -])eHking  of  its  jmiperties,  wr  may  proceed 
to  consider  the  mechanical  laws  to  wliich  it  is  sui>jected,  and  wliich  are  de- 
rivable from  the  essence  of  the  definitions  tliat  have  been  premised.  The 
firat  ia,  that  ^  moving  point  never  quite  Ae  line  <^  ita  direction  mrithont  a 
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dlitnrbiiig  ctofft:  for  a  right  line  beii^  the  Mme  M-itii  respefit  to  ill  iUM^ 
no  rauon  can  be  imagined  why  the  point  should  incline  to  otic  tide  mora 
than  another ;  and  the  general  law  of  induction  requires  that  tlie  movins^ 
point  should  presence  the  mme  relation*!  towards  the  j»oinf-  -nnilarly 
situated  on  every  side  of  the  line.  This  aru;uuitMit  appears  to  1h  -  uilieiently 
satisfactory  to  give  us  ground  for  a8serting  that  the  hiw  of  uiotiou  here  laid 
down  may  he  contiidered  as  independent  of  experimental  proof.  It  was  once 
propoflodasaprize  question  by  the  AcademyofSdeneetat  Berlin,  todeCoBiiiM 
whether  the  laws  of  motion  were  necessary  or  accidental ;  that  i%  wbelfaer 
they  were  to  be  considered  as  mathematical  or  ae  physical  trathsu  Manper- 
iniH*  then  president  of  the  Andnnjr,  wrote  an  dalnnate  dissertation^ in 
which  he  endeaTonred  to  deduce  tbsm  from  a  complicated  principle  of  the 
production  of  every  effect  in  tlie  manner  which  requires  tlie  least  possible 
action,- a  principle  which  he  mipposes  to  he  most  consistent  with  the  wise 
economy  of  nfitiire.  Btit  this  ])riiuiplc  has  itself  been  shown  to  he  eapahle  * 
of  aceoniniitdrttion  to  any  other  iaiHgiuahle  lawsof  motion,  anil  the  intricacy 
of  tlie  theory  tends  only  to  envelope  the  subject  in  unaeceiisary  obscurity ; 
the  laws  of  moUon  appear  to  be  easily  demonstrable  from  the  simplest 
mathematical  troths,  granting  only  the  homogeneity  or  rimilaiity  of  matter 
with  respect  to  motion^  and  allowing  the  general  aadom  that  like  canaes  pto* 
dnce  like  eflfeets.  If,  however,  anj  person  thinks  dilftventlj,  he  is  at  libaify 
to  call  these  laws  experimental  axioms  collected  irom  a  comparieon  of 
various  phenomena ;  for  we  cannot  easily  reduce  thnn  to  direct  experi- 
iTionts,  since  we  can  never  remove  from  our  experiments  the  action  of  all 
di'-ttirl  inu[  causes;  for  either  gravitation,  or  the  contact  of  surrounding 
h(»<lit. ,  will  interfere  with  all  the  motioirs  which  we  can  examine. 

Having  estabIiHhe<l  the  rectilinear  direction  of  nndbturbed  motion,  we 
come  to  consider  its  uniformity.  Here  the  idea  of  time  enters  into  our  sub- 
ject. Todefine  tfane  in  general  is  neither  easy  nor  necessary ;  hat  we  mhst 
have  some  measure  of  equal  times.  Our  abstract  idea  of  time  dependa  ca 
the  memoiy  of  past  sensations ;  bnt  is  obvious  tliat  tfie  reenltt  of  an  intel- 
lectual measure  <if  the  duration  of  lime  would  be  liable  to  die  greatest 
uncertainty.  We  may  observe  that  on  a  journey  the  peipetuel  saccessica 
of  varinuH  nhjccts  will  often  make  a  week  appear,  upon  retrospection,  a« 
long  as  a  month  spent  in  n  continuntinTi  of  such  ernployntents  as  are  uni- 
form without  heinir  lal)orious  ;  the  inultitutie  of  new  inipresM»ions  not  only 
njcrvin;;  to  increase  the  a])parent  magnitude  of  the  interval,  by  tiiliu'^'  uj>  its 
vacuities,  hut  tending  also  to  diminish  the  vivacity  of  the  ideas  which  they 
have  euperNiM,  and  to  give  them  the  character  of  Uie  fainter  recollections 
of  an  earlier  date.  We  are  therefore  obliged  to  estimate  the  lapee  of  time 
by  the  changes  in  external  objects ;  of  these  dumgee  the  eimplest  and  most 
convenient  is  the  apparent  motion  of  the  son,  or  rather  of  the  stars,  derived 

•  Hist,  ct  Mem.  de  I'Acad.  dc  Bcrl.  17  iC,  p.  2G7.  ColK  ctrd  Works  of  Maup., 
4  Vids.  Lyotu,  1756,  vol.  iv.  p.  31.  Compare  Leilmit/'s  Ltip^ic  Arts.  1(>82. 
D*Arcyon  Maupcrttiis'g  Afinimum  of  Action  Hi  t.  ct  M.'m.  ih  P  n  i^  1719,  y. 
H.  179,  1752.  p.  50.1.  KuJir  on  the  General  Pnutmles  of  Motion  and  Rest.  Hist, 
ot  M(  iu.  dc  l  Acad.  de  Bcrl.  1751,  pp.  1G1>,  r.'9.  Berdwid  on  the  least  ActioD,  ib. 
1 7'>:\,  p.  .^10.  Malvezio  on  the  Principle  of  Mnnj^rrtnis.  Com.  Bon.  VL  OpiiMiila» 
p.  315.    Euler,  Ilistertatio  de  Priodpio  Min.  Act.  Ikrl.  1753. 


Digitized  by  Google 


ON  MOTION. 


17 


fimH  Um  aekiial  ntaftaon  of  il»  enth  on  He  -aaoM,  wbidi  fai  iiol»  indeod,  an 
vndsfinrbed  notilinear  iaotioD,,lHii  which  is  equally  api^icable  to  OTery 
practical  yarpim,  Honoa  wo  obtain,  by  astronomical  observations,  tbo 
well-known  measures  of  the  diimtiott  of  time  implied  by  the  tenne  day* 
hour,  minute,  and  second. 

Now  the  equality  of  times  being  tliua  estimiiUMl  from  any  one  motion,  all 
other  bodies  moving  without  disturbance  will  describe  equal  successive  parts 
of  their  lines  of  direction  in  et^ual  times.  And  this  is  the  second  law  of 
motion,  whidi»  with  tbo  fomor  law,  oonstltiitea  Newton's  fifst  aadom 
or  law  of  motion:*  ^that  eveiy  body  peraeVens  In  its  state  of  rest  or 
nnUbnn  rectilinear  moUon»  eaeept  so  fkr  as  it  is  compelled  bys(Mneforeeto 
duage  iL"  It  appears  that  this  second  law  is  strictly  deducible  from  the 
axioms  and  definitions  which  have  been  premised,  and  principally  from  the 
oonsideration  of  the  relative  nature  of  motion,  and  the  t<>tul  deficiency  of  a 
criterion  of  absolute  motion.  For,  since  tlie  velocity  of  a  body  uiovinif 
without  rn^istancc  or  dif^turhnnce  is  ouly  a  relation  to  another  body,  if  tlie 
»et.iiid  hiKiv  has  no  meclianical  connexion  with  the  first,  its  state  with 
respect  to  motion  can  have  no  effect  on  the  yelocity  of  the  first  body,  how- 
otergreaititseomparatiYeniagaitiidemaybs:  and  if  a  body  is  at  rest*  there 
la  nothing  to  determine  U  to  b^gm  to  move  either  to  the  right  hand  or  to 
tile  left ;  if  it  is  at  lest  with  respect  to  any  other  bodies  11  wiU  remain  in 
the  Bsme  condition,  whateror  the  relative  motions  of  those  bodies  may  be 
when  compared  with  the  surronnding  objects ;  and  these  relations  can  only 
be  preserved  by  its  continuance  in  uniform  rectilinear  motion.  This  law  is 
also  confirmed  by  its  perfect  as'repnient  with  all  expcrimenial  observations, 
although  it  iy  too  simple  to  admit  of  au  immediate  pr(K)f.  For  we  can 
never  place  any  body  in  ^iuch  circumstances  as  to  bo  totally  exempt  from 
the  operation  of  all  accelerating  or  retarding  causes ;  and  the  deductbna 
from  each  experiments  as  we  can  make*  would  require  in  general,  for  the 
aocuaAe  determination  of  the'neosssaiy  coneotion^  a  prariotis  knowledga 
of  the  law  which  we  wiah  to  demonstrate. 

When,  indeed,  we  consider  the  motion  of  a  projectile^  we  have  only  to 
allow  for  the  disturbing  force  of  gravitation,  which  m  modificH  the  effect, 
that  the  h<M]y  deviates  from  a  right  line,  but  remains  in  the  same  vertical 
plane  ;  %sliein.'e  we  may  infer  that,  in  the  absence  of  the  force  of  gravita- 
tion, the  body  would  continue  to  move  in  every  other  plane  in  which  its 
motion  began,  as  well  as  in  the  Tertical  plane ;  since  in  that  caae  all  thesa 
plaoca  would  be  indifeent  to  it ;  it  musty  therefore,  remain  In  thmr  com-* 
mon  intetMction,  which  conld  only  be  a  straight  line;  so  thai  by  thus 
combining  ailments  with  obeervation,  we  may  obtain  a  confirmation  of 
the  law  of  the  rectilinear  direction  of  undistnrbed  motion,  partly  founded  on 
direct  experiment.  Its  uniformity  is,  however,  still  less  subjected  to  im- 
mediate examination  :  yet,  from  a  con^^ideration  of  tlie  nature  of  friction 
and  ref»istance,  combined  with  the  laws  of  gravitation,  we  may  ultunately 
show  the  perfect  coincidence  of  the  tiieory  with  experiment.  The  ten- 
dency of  matter  to  persevere  in  this  manner  in  the  state  of  zest  or  of 
uniform  reclOinear  motbn  is  called  its  inertia. 

•  Prindpia,  lib.  i. 
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In  an  tbaM  turn  it  is  nf  impafrtaam  to  attend  to  Hie  compodtioii 
of  iiiotu»i»  or  tha  joint  eflfect  q£  mora  than  ona  motion  aziating  at  tlw 
aame  timOi  The  existence  of  two  or  more  motions  at  the  mme  tims^ 

in  the  same  hoily,  is  not  at  first  comprehended  without  some  difficulty. 
It  is  in  fact  onlv  a  coinhinatiou  or  separation  of  rehitions  that  is  con- 
sidered ;  in  the  same  manner  as  by  combining  the  relation  of  sun  to 
father,  and  brother  to  bruUi&r,  we  obtaiti  the  relation  of  nephew  to  uncle, 
so^  by  combioing  the  motion  of  a  man  wdking  in  a  ship,  with  the  uiotion  of 
tfao  ship,  we  detennine  the  lelativa  Tdodtjr  d  the  man  with  respect  to  the 
eavth^a  snifiMe.  It  la,  however,  neoeasaiy,  foraaoertuning  these  relatieiu^ 
to  oonaidcr  the  afiectiona  of  a  apaoa  or  snrfiiee  in  motion^  and  to  eanmfaie 
how  it  may  move  in  the  most  rimpk  manner  with  respeet  to  another  apaee. 

If  any  number  of  points  more  in  parallel  linei^  describing  eqnal  apaeaa 
in  equal  times,  they  arc  at  rest  with  respect  to  each  other ;  for  it  maj 
easily  be  demonsfrnted  that  the  rectilinear  distance  of  each,  from  each  of 
the  rest,  remains  undianged ;  and  if  all  the  points  of  a  plane  move  in  this 
manner  on  another  plane,  either  plane  may  be  said  U)  1  e  in  rectilinear 
motion  with  respect  to  the  other.  This  b  easily  exemplilieii  by  cansinof 
one  plane  to  move  on  another,  so  thai  two  or  more  of  its  points  sliall 
alwaya  remain  in  a  giren  right  line  in  tlie  aeoond  pianos  aa  when  4  [eap> 
penter^a]  square  ia  made  to  slide  abqg  the  atraigfat  edge  of  a  haavd»  the 
aurfaee  of  the  eqnare  ia  ia  lectiUnaaY  motion  with  leapeot  to  the  board. 
(PUte  I.  Fig.  4.) 

If,  I»es»de8  this  general  motion  of  the  plane,  any  point  be  supposed  to 
have  a  particular  motion  in  it,  the  point  will  have  two  motions  with  re- 
fy>ect  to  the  oth«'r  jdane  r  the  one  in  common  with  its  plane,  and  the  other 
]M  (.11  liar  to  it^>elf ;  and  the  joint  etlVct  of  these  motions,  with  respect  to  the 
8cct>nd  plane,  id  called  tlie  result  of  the  two  motionsi.  Thus,  when  a  car- 
riage moves  on  a  perfectly  [straight  andj  level  road,  all  its  |H>iat<»  describe 
parallel  lines,  and  it  ia  in  rectilinear  motion' with  ttqMct  to  the  toad  r  Ha 
wheels  partake  of  this  motion^  hnt  have  also  a  xotatoiy  motion  of  their 
own ;  and  the  rsaolt  of  the  two  motiona  of  eaeh  point  of  the  wheels  ia  the 
cycloid,  or  trochoid,  that  it  deaeiibes  in  a  qoleaoent  vertioal  plane*  (Plate 
1.  Fig.  6.) 

When  an  arm  is  made  to  fslide  upon  a  bar,  and  a  thread,  fixed  to 
the  l)ar,  is  made  to  pass  over  a  pulley  at  the  end  of  the  arm  next  the 
bar,  to  a  slider  which  is  moveable  along  the  arm,  the  slider  nmves  on 
the  arm  with  the  siame  velocity  as  the  arm  on  the  bar  ;  but  if  the  thrend, 
instead  of  being  fixed  to  the  slider,  be  passed  again  over  a  pulley  w  hich 
attached  to  it,  and  than  brought  back  to  he  fixed  to  the  arm,  the  motion  of 
the  elider  will  be  only  half  that  of  the  arm;  and  thia  will  betne  hi  what- 
ever  position  the  arm  be  fixed.  Here  we  have  two  motiona  in  the  slider, 
one  in  common  with  the  arm,  and  the  other  peculiar  to  itsdi^  which  may 
be  ^ther  equal  or  unequal  to  the  first ;  and  bjr  tracing  a  line  on  a  fixed 
plane,  with  a  point  attached  to  the  Klidcr,  we  majr  eaailj  examine  the  joint 
result  of  both  the  motionsi.    (Plate  1.  Fiu;.  fi.) 

The  joint  re**n1t  of  any  two  motions  is  the  dinsronal  of  the  parslleloeram 
of  which  the  uides  would  be  described,  iu  the  b^uae  tim^  by  tlie  separate  mo< 
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of  tiw  aepiiftte  motions,  and  from  th«  lemotar  extmnity  of  each  draw  a  line 

parallel  to  the  other,  the  intersection  of  the%  lines  will  bft  the  place  of  the 
moving  body  at  the  end  of  the  given  time.  Thia  ia  the  necessary  consequence 
of  the  rf>-exi?tence  of  two  motinnfl  in  the  $^enHO  that  has  bof-n  (Iffuied  ;  it  is 
aho  capaiilo  nf  a  complete  illusiration  by  means  of  the  apparatus  that  has 
been  def^criho  i.    (Plate  I,  V'v^.  7.) 

Any  givea  motion  may  he  considered  as  the  result  of  any  two  or  more 
raotioiii  capable  of  composing  it  in  this  manner.  Thus  the  line  described 
the  traeiog  point  of  our  apparatus  vill  be  predeel j  the  aame,  whether 
H  be  dmplj  diawn  aloQg  in  the  i^ven  direction,  or  made  to  more  on  the 
arm  tfith  a  Telocity  equal  to  that  of  the  arm,  or  when  the  arm  is  in  a 
diflFcrent  position,  with  only  half  that  velocity.  (Plate  T.  I'l  i'.  8.) 

This  principle  constitutes  the  important  doctrine  of  the  resolution  of 
motion.  There  is  some  difficulty  in  imacriTiniC'  n  slower  motion  to  contain, 
as  it  were,  within  itself,  two  more  rapid  motions  opposing  each  other  :  hut 
in  fact  we  have  only  to  suppose  ourselves  adding  or  subtracting  mathe- 
matical quantities,  and  we  must  relinquish  the  prejudice,  derived  from  our 
own  fnlings,  which  aewciaites  Hm  idea  of  efibrt  with  that  of  motion. 
When  we  oonceiye  a  state  of  rest  as  the  result  of  equal  and  oontraiT* 
motion^  we  use  the  same  mode  of  representation  as  when,  we  say  that  a 
cipher  is  the  sum  of  two  equal  quantities  with  oppodte  Signs;  forinstanoe, 
plus  ten  and  minus  ten  make  nothing. 

The  law  of  Tnotion  here  cntablished  differs  but  little  in  it??  eimnciation 
from  the  original  words  of  Aristotle,  in  his  mechanical  problems.*  He 
says,  that  if  a  moving  body  has  two  motions,  bearinir  a  constant  pr()j)or- 
tion  to  each  other,  it  mu^t  necessarily  describe  the  diuiaetcr  uf  a  puiallelo- 
gram,  of  whloh  the  rides  are  hi  the  ratio  of  the  two  motions.  It  is  obvious 
diat  this  propositlQii  indndes  the  conridetation,  not  onlj  of  uniform 
motions,  but  also  of  motions  which  are  similarty  acceleiated  or  retarded : 
and  we  should  scaroely  have  expected  that,  from  the  time  at  which  the 
subject  began  to  he  so  clearly  understood,  two  thousand  y^ars  would 
have  elapsed  before  this  law  boy-an  to  be  applied  to  the  detennination  of 
the  velocity  of  bodies  actutited  i>y  deflecting  forces,  which  Newton  has  so 
simply  and  elegantly  deduced  from  it. 

in  tile  laws  of  motion,  which  arc  the  chief  foundation  of  the  Principis, 
their  great  author  introduces  at  once  the  consideration  of  forces ;  and  the 
first  corollaxy  stands  thus :  ''a  body  deseribes  the  diagonal  of  a  parallelo- 
gram by  two  fofces  acting  coi^ointly,  in  the  ssme  tame  in  which  it  would 
describe  its  sides  by  the  earns  forces  acting  separately.*'  It  appears,  how- 
ever, to  he  more  natural  and  pcrspieuous  to  defer  the  consideration  of  force 
until  tile  himider  doctrine  of  motion  has  been  separately  examined. 

We  may  easily  proceed  to  the  compofsition  of  any  number  <>f  different 
motions  by  combining  them  putcespively  in  pairs.  Jlence  any  f  inable 
motions,  represented  by  the  bides  of  a  polygon,  that  is,  of  a  figure  consist- 
ing of  any  number  of  straight  sides,  being  supposed  to  take  place  in  the 
same  moveable  body  In  directions  parallel  to  those  sides,  and  in  the  order 
*  Medu  Frub.e.f4.  See ako  Galileo,  Dial.  4,  Prop.  2. 
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of  going  immd  lSb%  flgon^  dMiioj  «wh  other,  tad  ihb  body  mntiiit  oi 
mt.  We  may  understand  the  tgaOk  cf  tins  pnpoei^n  hj  imagining  eeeh 
motion  to  take  place  in  sacoe&si  n  for  an  equal  small  interval  of  time; 
then  the  point  would  describe  a  small  polygon  similar  to  the  original  one,  and 

Woiilfl  he  found,  at  the  end  of  every  such  intorvjil,  in  its  original  situation. 

When  the  tnotions  to  be  c«>nil»in«>(1  are  numerous  and  diversified,  it  is 
often  couvi  iiu  nt  to  resolve  each  inutioii  'u\io  three  ])ai-tii,  reduced  to  the 
directions  of  three  given  lnie»  perpendicular  to  eaeli  other.  It  iii  easy  to 
find  in  thla  manno',  by  addition  and  subtraction  only,  the  general  result  of 
any  nnmber  of  motiont.  We  may  deaeiibe  the  ilight  ef  a  hivd  aicending 
in  an  obliqiie  direction,  by  eethnating  its  progrBia  northwarda  or  aonth- 
wardi^  eastwaideor  weetward%and  at  tiia  same  time  upward^  and  we  may 
thus  determine  its  place  as  accurately  as  by  ascertaining  the  immediate 
bearing  and  angular  elevation  ef  ita  path,  «nd  ita  Telodiy  in  the  direction 
of  ita  motion. 
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LECTURE  III, 

ON  ACCELERATING  FORCES. 

\V  K  have  hitherto  only  considereU  iiiotiuii  as  already  existing,  without 
%ny  reii;ard  to  its  origin  or  altenitioii ;  we  have  seeu  that  all  undisturbed 
MkoUous  atti  e([U&ble  anil  rectilinear ;  and  lixat  two  motions  represented  by 
tha  mdm  of  a  paalfebgram,  cauM  a  body  to  describe  its  diagonal  by  their 
jiiiii  ciiMi.  We  an  now  to  ewimine  tin  caoaaa  which  pioduce  or  deetooy 
auitioiu  Any  eanae  ol  a  change  cf  the  motion  of  a  body  with  respect  to  a 
^UMeesnt  spaos»  ia  ealkd  a  force;  that  i%  any  cause  which  prodaoea 
motion  in  a  body  at  rest,  or  whidi  increases,  ttimmiffhtft^  or  modifies  it  in  a 
body  which  was  before  in  motion.  Thus  the  power  of  gravitation,  which 
causes  a  stone  to  fall  to  the  erround,  is  called  a  force  ;  hut  when  tlie  stone, 
after  descending  down  a  hill,  rolls  aUmt^  ;i  horizontal  plane,  it  is  no  longer 
impelled  by  any  force,  and  its  relative  niuiiun  continueauiiult«red,  untiiitis 
gradually  destroyed  by  the  retarding  force  of  friction.  Its  perseverance 
in  the  state  of  motion  or  rest  in  consequence  of  the  inertia  of  matter,  has 
sometimes  been  expressed  by  the  tenn  vis  inertiae^  or  force  of  inertia ;  hut  it 
appeals  to  be  somewhat  ittaccunto  to  apply  the.tecm  foioe  to  a  property 
which  M  n«m  the  esnse  of  a  change  of  motion  in  the  body  to  which  it 

It  hi  a  necessary  condition,  in  the  definition  of  foro^  that  it  be  the  cause 
of  a  change  of  motion  w  ith  respect  tp  a  quiescent  space.  For  if  the  cliange 
were  only  in  the  relative  motion  of  two  points,  it  might  happen  without 
the  operation  of  any  force  :  thus,  if  a  body  he  nioving  without  disturbance, 
its  motion  with  respect  to  another  liody,  not  in  the  line  of  its  direction, 
will  be  perpetually  changed :  and  thin  change,  considered  uloue,  would 
[appear  to]  indicate  the  existence  of  a  vepuhdvt  foioe ;  and,  on  the  other 
hand,  two  bodies  may  be  subjected  to  the  action  of  an  attractiTe  foroe^ 
while  their  distanoe  ranains  unaltered^  in  eonseqnance  of  the  centnftigal 
eflbct  of  a  rotatoiy  motion.  (Plato  I.  Fig.  9.) 

The  exertion  of  an  animal,  the  iin1>endint,^  of  ahow»  and  the  communi* 
cation  of  motion  by  impulse,  are  familiar  instances  of  the  actions  of  forces. 
We  must  not  imaj^ine  tliat  the  idea  of  force  is  naturally  connected  with 
that  "f  labour  or  ditiicuity  ;  this  assix-iation  is  only  derived  from  liabit, 
since  uur  voluntary  actiom*  are  in  general  attended  with  a  certain  effort, 
which  leaves  an  impression  almost  inseparable  from  that  of  the  force  tiiat 
it  eaUs  into  action. 

It  is  natural  to  inqiiise  in  what  immiwiiato  manner  any  fme  acts,  so  as 
to  produce  motion;  for  ustanoe^  by  what  means  the  earfli  causes  a  stone 
to  gravitoto  towards  it.  In  some  cases^  indeed,  we  are  diqfKNed  to  ™*gtw^ 
that  we  understand  better  [tolerably  well]  the  nature  of  the  action  of  a 
foree^  as,  when  a  body  in  motion  strikes  another,  we  conceive  that  the 
impenetrahility  of  matter  is  a  Hufficient  <  aiiHe  for  the  communication  of 
motion,  since  the  hrst  body  cannot  continue  its  course  without  displacing 
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the  second ;  and  it  has  been  supposed  tliat  if  we  could  discover  any  similar 
impulie  tliat  might  be  the  cause  of  gxsTitatioiiy  -we  ahmild  hare  a  perM 
idea  of  its  operation.  Bnt  the  fact  i%  that  even  in  caeee  of  apparent 
hnpulBi^  the  bodies  impdlii^  each  other  are  not  adoally  la  eonlaet ;  and 

If  any  analogy  1*i>tween  gravitation  and  impiilse  be  ever  established*  it  will 
not  be  by  referring  them  both  tothe  impenetrability  of  matter,  but  to  tlia 
interventif)!!  of  some  coinnion  agent,  perhaps  irnjionderaMe.  It  was 
olwrvpf!  Iiy  Newton,*  thnt  a  cTTiitlcrable  force  was  necessary  to  bring  two 
jiiecfs  of  L'laas  into  a  degree  of  contact,  whidi  still  was  not  quite  p<'rfect ; 
and  Profesor  Robison  f  lias  estimated  tliis  force  at  a  thousand  poumls  for 
every  square  inch.  These  extremely  minute  intervals  have  been  ascer- 
tained by  obaerratioDS  on  the  eolouri  of  the  thin  plale  of  air  inelBdeC 
between  the  glasses ;  and  wlien  an  image  of  these  cohnm  is  oddbilad  bj 
means  of  the  solar  microoeop^  it  is  teiy  easfly  shown  that  tiw  glasna  an 
separated  f^om  each  other,  by  flie  operation  of  tliia  vepvlsiTe  forei^ 
as  soon  as  the  prci«sure  of  the  screws  which  oonflhe  them  is  diminished  ; 
tiie  rings  of  colours  dependent  on  their  distance  contracting  their  dimra- 
Bion?^  accordingly.  Ilonce  it  is  ol)nous,  that  whenever  two  pieces  of  glass 
Ktrikc  each  other,  without  exerting  a  pressure  equal  to  a  thousand  pounds 
on  a  s<|u.ire  inch,  they  may  affect  each  othcr'n  motion  without  actually 
coming  into  contact.  Some  persons  might  perhaps  be  disposed  to  attribute 
this  repulsion  to  the  elasticity  of  particles  of  air  adhering  to  the  glass,  but 
I  liaw  found  tliat  the  experiment  socoeeds  equally  wdl  in  tlie  TMnnm  of 
the  air  pump.  We  niiist,  therefore,  be  contented  to  idmowledge  onr  tolsl 
Ignorance  of  the  intimate  natore  of  forces  of  erety  Idnd ;  and  wa  are 
iifst  to  examine  the  effect  of  forces,  conaderloff  only  their  magnltadt  and 
direction,  without  any  rei;ard  to  their  origin. 

It  was  truly  asserted  by  Descartes,^  that  the  state  of  motion  is  equally 
natural  with  that  of  rest.  When  a  body  is  once  in  motion,  it  re'iuirc^i  no 
foreign  power  to  mistain  its  velocity.  If,  therefore,  r  moving  body  is  sub- 
jected to  the  inlluence  of  any  force,  which  acts  it  in  the  line  of  its 
direction,  itb  motion  will  be  either  accelerated  or  retarded,  accordingly  as 
the  dir^ion  of  the  force  coincides  with  that  of  the  motion,  or  is  oppoasd 
to  it.  A  stonei,  for  instance,  beginning  to  fall,  or  projeded  downward^ 
by  no  means  retains  the  same  velodfy  thronghont  its  descsnt,  but  aoqniiea 
more  and  more  motion  oTery  instant  We  well  hnow  that  the  grsaler 
the  height  from  which  a  bo^  faU^  the  more  danger  there  is  of  its  destroy- 
ing wlutever  opposes  its  progress.  In  the  same  manner,  when  a  ball  is 
thrown  upwards,  it  gradually  loses  \tH  motion  by  the  operjition  of  gravita- 
tion, which  is  now  a  retarding  force,  and  at  last  bpcinn  again  to  deecend* 

It  may  here  he  proper  to  inquire  what  is  the  precise  meaning  of  the 
term  velwity  ;  we  appear  indeed  to  undei  htaiid  sufficiently  the  common  use 
of  the  word,  but  it  is  not  easy  to  give  a  correct  definition  of  it.  Tha  telodty 
of  a  body  may  be  said  to  be  the  quantity  or  degree  of  its  motion,  lndepe»» 
dentiy  of  any  consideiation  of  its  mass  or  magnitude;  and  it  laJg^t 
always  be  messnred  by  the  space  deserilMd  in  a  certain  portion  of  timi^  for 

♦  Optica,  Hook  II,    Sec  also  liuygow,  i'h.  Tr.  No.  86. 
4  Ruhisoii's  Mochaniail  Pliilusuphy,  Bsewstsr'S  Ed>»  1*250. 

i  Priodpu  FUkM.  Sertii.  ^26. 
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iailttMsa  A  fleooDd,  If  than  wars  no  oUier  moUm  Ihaii  nndistiurM  or 
uniform  motians ;  but  the  velocity  nay  vtij  vciy  ooiuiderably  within  the 
second,  and  we  must  therefore  have  some  other  measure  of  it  than  the 
space  actually  dcscrilyf^^^  in  any  finite  inton'al  of  time.  If,  however,  the 
limes  be  supposed  infinitely  nhnrt,  the  elempntn  of  space  descri]>e(l  inay  bo 
considered  a**  the  true  measures  of  velocities.  These  elements,  although 
snmllt  r  than  any  assignable  quantity,  may  yet  l>e  accurately  compared  wiUi 
each  other ;  and  the  reason  that  they  afford  a  true  criterion  of  the  relo* 
cHjr  is  thii^  ihaft  tha  dianga  piodnaad  in  tha  velacity  during  ao  diort  an 
intarral  «f  time^mnai  ba  ahaointaly  inaonaidaniUe,  in  eompi^aon  with  lha 
whola  valoeitj,  and  tha  alonant  of  upaaa  beaomaa  n  inia  maaaoia  of  tfao 
temponxy  Telooity',  in  4ha  aame  mannar  aa  any  laiger  portion  of  apaoa  may 
he  the  measure  of  a  uniform  veloci^. 

When  the  increase  or  diminution  of  the  velocity  of  a  mnvin?  body  is 
miif  »mi,  its  cause  is  calle<l  a  unifonn  force;  the  spaces  which  wouhl  be 
describe*!  in  any  fjiven  time  with  the  nc  tual  velocity  unifonnly  continued, 
being  aiu  ays  erjually  increasid  or  iliininished  by  the  action  of  such  a  force. 
For  example,  if  the  velocities  at  the  beginning  of  any  two  mfUniB 
aeoonda  ba  aueh  that  the  body  would  daaaiiba  one  fbot  and  ten  feet  in  tha 
laapaotiTo  aaoonda^  if  nndlafcurbad,  and  tha  apaeea  aetnally  daaoiibad 
baooma  two  feat  and  akvan  faal^  each  being  inaroaaad  ono  feat,  tha  aoed»> 
lating  force  nmat  ba  denominatad  niuform. 

The  power  of  gmvitotiony  acting  at  or  near  the  earth's  surface,  may, 
without  sensible  error,  be  considered  as  such  a  force.  Thus,  if  a  body  , 
betrins  to  fall  from  a  state  of  rest,  it  describes  about  IG  feet,  or  more  cor- 
rectly l(Vr  i"  the  first  second  ;  if  it  bej^ius  a  second  with  a  velocity  of  32 
feet,  it  defK-nljes  .'32  and  Ifl,  or  40  feet  in  this  second.  'Ihe  decrease  of  the 
force  of  gravitation,  in  jiropoHion  Ui  the  sr^uares  of  the  distances  from  the 
earth's  centre,  ia  barely  perceptible,  at  any  heights  within  our  taach,  by 
tha  nioeat  teata  <hat  wo  oan  employ. 

Tha  velooity  prodvoed  by  any  nnifomily  aoedeiaiting  foroa^  ia  propor- 
tional to  tha  magnltnda  of  tha  foroe  and  tha  tima  of  ita  operation  con- 
jdntly.*  When  tha  forces  are  the  same,  a  little  consideration  will  convince 
US  that,  since  every  equal  portion  of  time  adds  equally  to  the  velocity,  the 
wbfde  velocity  produced  or  destroyed  must  be  in  proportion  to  tlie  whole 
time ;  and  when  the  forces  differ,  the  volocities  differ  in  the  same  ratio ; 
for  the  forces  are  only  nieaaured  by  the  velocities  which  they  generate. 
Thus  a  don  I  do  force,  in  a  double  time,  produces  a  quadruple  velocity. 
That  a  force  producing  a  double  velocity  is  properly  called  a  double  foro^ 
may  be  shown  horn  the  laws  of  the  composition  of  motion ;  for  whan  tha 
aqval  sides  of  a  panllalogiam  repreaanting  two  aeparata  foroaa  ornlollonl^ 
i^roaeh  to  aadi  olhar,  and  at  last  ooinoida  in  dinotion,  the  diagonal  of 
the  ]>amllelogram,  representing  thdr  joint  oIBbo^  bacomea  aqnal  tothawun 
of  tha  aides.   (Plate  I.  Fig.  10.)t 

Tha  machine  invanted  by  Mr.  Atwood^  (Fhita  I.  Fig.  11)  fnmiahss  us 

*  Galileo,  Dialogues  on  Motion,  DiaL  III.  Def. 

t  Hallcy,  Fli.  Tr.  xv\.  9  (IfiRG). 

t  Oti  the  Hcvbimcar  Motion,  and  the  Rutation  of  Bodiet,  Camb.  1604,  p.  291. 
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with  aveiy  convenient  mode  of  making  experiments  on  accelerating  foieas* 
Tlie  velocity  j)ro*luct'(l  l)y  the  undiminished  force  of  gravity,  is  much  to© 
great  to  be  coiiveniciitly  submitted  to  experiraentiil  examination  ;  Ijnt  hy 
means  of  this  iijij)aiatus  we  can  diminish  it  in  any  defrree  that  is 
required.  Two  boxes,  which  are  attached  to  a  thread  ])as5^in;r  (jver  a 
pulley,  may  be  filled  with,  difierant  weights,  which  couuterUalanee  each 
other  and  contiliute,  togeHier  with  the  pulley,  an  inert  mtm,  whibh  ie  pot 
into  motion  by  a  smaU  weight  added  to  one  cf  them.  The  time  of  deeoent 
ie  meaeiired  bya  eeoond  or  half  eecond  pendiiliiBi»  die  ijiaoe  deeeiibed 
being  ascertained  by  the  place  of  a  moveable  stege,  egainet  whidi  the  bot* 
torn  of  the  descending  box  strikes ;  and  when  we  wish  to  determine  im- 
mediately the  velocity  acquired  at  any  point,  by  measuring  the  spaca 
uniformly  def5cribed  in  a  j^iveu  time,  the  accelerating  force  is  removed  by 
means  of  a  rin^^  which  intercepts  the  preponderating  weight,  and  Llie  box 
proceeds  with  a  uniform  velocity,  except  so  far  as  the  friction  of  the 
machine  retards  it.  By  changing  the  proportion  of  the  prepondnating 
we^ht  to  the  whole  weight  of  the  boxen^  it  ie  obvious  that  we  mey  change 
the  velocity  of  the  deecenty  and  thus  ezhiblt  the  eflRMte  of  fbroes  of  dilfeient 
magnitndes.  The  most  eonvenient  mode  of  letting  the  wdg^ts  go,  with* 
out  danger  of  disturbance  from  their  vibrations,  is  to  hold  the  lowest 
weight  only,  and  to  allow  it  to  ascend  at  Uie  instant  of  a  beat  of  the  pen- 
dulum. 

That  the  velocity  generated  is  proportional  to  tiie  time  of  the  actiim  of 
the  force,  or  tiiat  the  force  of  gravitation,  thus  uiodiiied,  is  properly  called 
a  uniform  accelerating  force,  may  be  shown  by  placing  the  moveable  ring 
so  as  to  interoept  the  same  bar  suoeessivdy  at  twodifieient  points :  thus  the 
apace  uniformly  described  in  a  seoondy  by  the  box  alon^  is  twice  as  greal^ 
when  die  force  b  withdrawn  elter  a  deeoent  of  ten  half  seconds,  as  it  is  after 
a  descent  of  five.  And  if  we  chose  to  vary  the  weight  of  tlie  bar,  we  might 
show,  in  a  similar  manner,  that  the  velocity  generated  in  a  given  time  la 
proportional  to  the  force  employed. 

We  are  next  to  determine  the  magnitu  L  ,£  tlie  wbole  space  de»cribe<1  in 
a  given  time  with  a  velocity  thus  uniformly  iucreabing.  The  law  discovered 
by  Galileo,*  that  tlie  space  described  is  as  the  square  of  the  time  of  desosnf^ 
and  that  it  b  also  equal  to  half  the  space  which  would  be  described  in  die 
same  time  with  the  final  velodty^f  is  one  of  the  most  usd^ll  and  interesting 
proposidoos  in  die  whols  scisnce  of  mechanics.  Its  truth  is  easily  shown 
from  mathematical  confldeiations,  by  comparing  the  time  with  the  base^ 
and  the  velocity  with  the  perpendicular  of  a  triangle  gradually  increasing, 
of  which  the  area  will  represent  the  space  described  ;  and  we  may  oV>servc, 
by  means  of  Atwo^MTH  nuu-liine,  that  a  (juadruple  space  is  always  described 
in  a  double  tiuii ,  \v  Uatevti  Hiny  be  the  magnitude  of  the  force.  Of  course, 
if  the  forces  \iu  \y  the  spaces  are  a^  tlie  forces  and  as  the  squares  of  the 
tfanes  oonijoinUy!  (Plate  I.  Fig.  12.) 

It  may  also  be  demonstrated,  that  if  a  body  fsUs  through  one  &ot  in  a 
second  by  means  of  a  cerfaun  force,  it  will  require  a  quadruple  force  to 
make  it  &11  through  the  same  qiace  in  half  a  second ;  and  in  gmeial,  where 
«  DtaL  III.  prop.  St  t  Ibid.  Prop.  1. 
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t]ieipM«aneqi»]^11ief<ttoesaMat1hatqnam8  of  tlw  ^Wlier- 
wmt  the  space  and  the  foioe  zenuun  the  same,  whether  the  force  be  ludfonn 
or  not^  the  eqauee  of  any  two  velocities  with  which  different  bodice  eater 

the  space,  will  receive  equal  additions  while  they  pass  through  it. 

When  a  force  art«  in  a  dirt  ctifrn  mntrary  to  that  of  the  moving  body,  we 
iiiay  readily  dutennine  the  reiardutiou  iiiat  it  produces,  hy  comparing  tliu 
motion  with  that  of  a  body  accelerated  by  the  same  force.  For  the  de^ees 
by  which  au  ascending  body  loa&i  iia  motion,  are  the  t^ame  au  those  by 
iriiidk  H  ia  again  aeedewi>ed  «t  the  lame  pointe  when  it  haa  aequiied  ila 
gBnateat  heiglii  and  main  deecendai  We  may  thua  wJwilalie  to  what  bei^t 
a  hodj  ifill  riae  when  pMrjeofeed  i^iraidawith  agiven  velodtyyand  retarded 
by  Hie  focoe  of  gravitation.  Sbice  the  fuee  of  giavitation  prodnoee  or  de- 
stroya  a  Telocity  of  Si  feet  in  eTary  aecond,  a  velocity  of  820  feet,  for 
instance,  \^nll  he  destroyed  in  10  seconds ;  and  according  to  what  has  been 
premi-cd,  a  body  will  fall  in  10  seconds  throup^h  a  hundred  times  16  feet, 
ur  lOno  li  et,  which  is  tlu n  fi^ip  tho  height  to  which  a  velocity  of  320  feet 
in  a  second  will  wirry  a  bmly  moving  without  resistance  in  a  vertical 
dire^ion.  We  may  also  obtain  the  same  result  by  squaring  one  eighth  of 
tin  Telocity :  thna  one  e^gfafli  of  SSO  le  40,  of  "wtkh  the  equare  is  1600, 
the  height  coneeponding  to  tlie  giren  Tokooity ;  and  thia  Toleeitj  ia  mmt^ 
tiaue  called  the  rdodty  due  to  the  hog^t. 
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LECTURE  IV 


ON  DEFLECTIVE  FORCES. 

It  lutf  been  ihown  thai  the  Telocity  genemted  by  •&  motiieaiiag  iant, 
is  piopoftioiial  to  the  Ume  of  its  aetioiiy«iid  tiw  epeee  deaoribed  to  the 
aqutnof  thettiDA*  Wean  next  to  eoniider  the  mora  eompliestodeeeee  of 

the  action  of  such  forces.  When  they  are  directed  to  a  eertHnpoini  oat  of 
tlie  line  of  the  motkii  which  they  affect,  they  become  omtval  forces,  of 

which  we  have  an  example  in  the  force  of  jjravitation,  considered  as  it 

govern*-:  the  ])liinetary  motion?* :  mm\  when  thi'^  point  l>ecomcs  extremely 
distant  in  comparison  with  tlic  ku^^ii  of  the  l^u  ]  v's  ]inth,  so  Uiat  the  force 
acts  very  nearly  in  parallel  lines,  the  body  nmu  h  mi  l  r  the  denomination 
of  u  ]>rojecLiie,  fur  iiiiitauce  u  c&iiuou  hall  projected  horizontally  or 
Obliq^uely. 

An  acodentuig  loroey  theiefoie^  tending  to  a  point  o«t  of  the  fine  of 
dinotion  of  m  moving  body,*  dsfleote  ft  from  that  Bao^  and  is  tiun  nsaally 
called  a  centripetal  fone.  And  the  natatal  tendency  of  the  body  to  peno- 

vere  in  its  rectilinear  motion,  unless  opposed  by  such  a  force,  is  sometimes 
called  a  centrifugal  force.  How  far  the  term  force  is  properly  applicable 
to  the  perseverance  of  a  body  in  its  rectilinear  motion,  may  perhaps  be 
lial)le  to  dispute.  If  we  allow  the  jirt^priety  of  the  appellation,  we  n^ust 
extend  tlie  definition  of  the  term  force  to  any  change  of  the  relative  motion 
of  two  poiuUi,  and  we  munt  alao  allow  tlie  inertia  of  a  body  to  be  juiitly  deno- 
minate a  foroe.  The  fact,  however,  is  certain,  that  all  bodies  revolving 
found  a  cmtre,  have  a  tendency  to  recede  from  the  centrs  in  the  direction 
of  the  tangent,  and  when  this  laioe  is  connterbalanetd  an  equal  ceatrUngal 
force  must  be  exerted. 

The  cffi9Cts  of  a  centrifugal  force  may  be  observed  in  the  familiar  instance 
of  a  stone  placed  in  a  sling,  which  may  be  made  to  revolve  in  a  vertical 
direction,  and  even  at  the  upper  part  of  its  orbit,  may  adhere,  as  it  were, 
notwltliBtandinp;  lis  weij^bt,  to  the  slini?  which  is  above  it,  in  conset^uence  of 
the  excess  of  the  cfntrifntr  il  f'Dw  above  the  force  of  graviiatiun. 

It  is  aluo  a  ceutiitugui  iuice  tliat  is  tlie  foundation  of  the  amusement  of  a 
boy  driving  a  hoop.  A  hoop  at  re^t,  placed  on  its  edge,  would  rery  quickly 
lall  to  the  gfonnd ;  bat  when  it  is  moTing  forwards^  a  sUglit  inolination 
towards  either  side  causes  the  parts  to  acquire  a  notion  towards  that  sldi^ 
thoee  which  are  uppermost  being  most  afiected  by  it ;  and  this  lateral 
motion,  assisted  sometimes  by  the  curratuie  of  the  suiCsce  of  the  hooj), 
causes  its  path  to  deviate  from  a  rectilinear  direction  ;  so  that  instead  of 
moving  straight  forwards  it  turns  to  that  side  towards  which  it  be<;!in  to 
incline ;  and  in  this  j)OHition  its  tomlency  to  fall  still  further  is  counter- 
acted by  the  contiifu;.'al  ft>rce,  and  it  generally  makes  several  complete 
rcvolutionB  before  it  fall».  The  motion  of  a  bowl,  with  its  bias,  is  of  a 
bimilar  nature ;  the  centrifugal  foroe  oonnteracting  the  tendeney  to  curvi- 

*  Galileo,  DisLII.  p.  147. 


I 


Digitized  by  Google 


ON  Dfim^ECTIVfi  FORC^.  17 

liMtf  motion^  m  as  todhafaMi  H  ftty  «tHMtoriMy,  naffl  ttt  ydoeity  fa 
«>  omeh  vadiiQML  as  to  waSu  it  todwcribe  a  path  lindttitly  oamd,  aad 

beooming  more  and  more  so  as  the  motion  is  slower. 

When  a  body  is  i^Ained  in  a  circular  orbit  by  a  force  directed  to  its 
centre,  its  velocity  is  every  where  equal  to  that  Avhich  it  would  acquire  in 
fallinp,  by  means  of  the  same  force,  if  uniform,  throtirjh  hn!f  the  radius, 
thnt  iH,  thxouj^h  cme  fourth  of  tiie  iliametor.*  This  proposition  affords  a 
very  convenient  method  of  comparing  the  effiects  of  central  forces  with 
Uiose  of  simple  accelerating  forces,  and  deserves  to  he  retained  in  memory. 
We  may  in  mum  meanune  deaottrtnto  ita  troth  hy  wttm  of  the  whliiing 
iaUe :  aa  appaialiia  wUeh  is  anangad  on  paxpoae  foae  aibibiting  iha  pio- 
faitiia  of  oenttal  ftiota,  altlio«gk  H  b  man  oalenlated  Ibr  dioiriiig  Iheir 
compaxatira  than  their  absolute  magnitude ;  fiv  aaooadini^y  ao  wa  plaoa 
the  string  on  the  puUiee^  the  two  horiaont&l  arms  may  be  made  to  revoha 
either  with  e<iuftl  velocities,  or  one  twice  as  fast  as  the  other.  The  sliding 
«tfltrf«,  which  mny  be  placed  at  <Hft"erent  distances  from  the  centres,  find 
which  are  made  to  move  alonj:^  the  arms  with  as  little  friction  a«  possible, 
ar<?  in  a  certain  }iiuj>urtiuii  to  the  weights,  which  are  to  be  raided  by  means 
of  tlireadH  passing  over  pulUes  in  the  centres,  as  soon  &h  the  centrifugal 
fttaea  of  Ifaa  stages  witti  their  migfaftB  aia  aaflicHBtly  great ;  and  the 
aspariBent  is  toba  ao ananged,  thai  wkok  the  vdodtj having  beat  giadtt- 
ally  inaiaawd,  pnodnoaB  a  aaiBeieBt  tmtaihgd  f ovoe^  holh  etagoa  may  laiaa 
thdhrwMgfati^  and  fly  off  aft  tlieaaBia  instant.  But,  for  the  pnomt  purpoee, 
one  of  the  stai  ns  only  is  required,  and  the  time  of  revolution  may  be  mea- 
sured by  a  half  second  pendulum.  We  may  make  the  force,  or  the  weight 
to  be  raised,  equal  to  the  weight  of  the  revolving  body,  and  we  shall  find 
that  this  body  will  fly  off  when  its  velocity  becomes  equal  to  that  which 
would  lie  acquired  by  any  heavy  body  m  falling  throug-h  a  heiglit  etjual  to 
half  the  (iistance  from  the  centre,  and  as  much  greater  as  is  sufficient  for 
overcoming  the  friction  of  the  madiine.  (Plate  !•  Fig.  la) 

Fkom  this  propgaiftion  wa  may  easily  ralaalate  the  Telocity  with  whidi » 
aliag  of  a  given  length  mnat  lavolYa,  in  oidar  to  letain  a  stona  in  ita  plaoa 
inallpoflitioaa;  aiqqporiiigtbainotionto  be  inaTortioalplani^iiiaobTiona 
fliat  the  stone  will  have  a  tendency  to  fell  when  it  is  at  the  uppermost  })oint 
of  the  orbH,  unless  the  centrifugal  force  be  at  least  equal  to  the  force  of 
gravity.  Thus,  if  the  length  of  the  sling  he  two  feet,  we  must  find  the 
velocity  acquired  ]>y  n  hfrLvy  l>ody  in  falling  through  a  lieij^ht  of  one  foot, 
which  will  be  eight  feet  in  a  second,  since  eight  times  the  square  root  of  I 
is  eight ;  and  this  must  be  its  velocity  at  the  highest  point ;  with  this 
velocity  it  would  perform  each  revolution  in  ahoui  a  second  and  a  hal^  bat 
ita  motion  in  other  parte  of  ita  orbit  will  be  greatly  aoodenM  by  the 
giavitation  of  the  aloaa. 

It  may  alao  ba  damonatnled,  tliaft  whan  bodiea  zevoha  In  eqnal  cnciei^ 
their  centrifugal  forces  are  proportional  to  the  squares  of  their  vdooltiaB.f 
Thus,  in  the  whirling  tohle,  the  two  stages  being  equally  loaded,  one  of 
them,  which  is  made  to  revolve  with  twice  the  velocity  of  the  other,  will 
lift  four  equal  weights  at  the  same  instant  tiiat  the  other  raises  a  single  one* 

•  Newtoo,  Prino^,  I.  Ptop. Qer.  9.        f  Ibid.  I.  Pto^  4,  Cor.  K 
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Bat  when  two  bodies  molve  with  equal  Yilodtles  at  ilHBiwint  ilirtirw, 
the  forces  are  invmely  as  the  distances ;  consequently  the  forces  are,  in  all 
cases,  directly  as  the  s^woes  ot  the  Telocitiss»  and  invers^y  ae  the  di»- 

tances. 

If  two  bodies  revolve  in  equal  times  at  difH  rent  distances,  the  forces 
Avliieii  they  are  retained  in  their  orhit«  are  simply  as  the  distances.    If  one 
of  the  stages  of  the  whirling  table  be  placed  at  twice  the  distance  of  the 
other,  it  will  raise  twice  as  gnat  a  wdfl^t  when  the  reraliitioiis  are  per- 
Idnaed  in  the  same  time. 

'  In  general,  the  f<woes  are  as  the  distaneas  dirsctly,  and  aa  tiie  sc^uaMa  ef 

the  times  of  revolution  inTsraely.*  Thus  the  same  weight  rsToiring  in  n 

double  time,  at  the  same  distance,  will  have  its  eflPect  reduced  to  one  fourth^ 
but  at  a  double  distanoe  the  eflBect  will  again  be  inereassd  to  half  of  its 
orifjinal  mairnitude. 

From  these  jjriticiples  we  may  deduce  the  law  which  was  discovered  by 
Keplerf  in  tlie  motions  of  the  planetary  bodies,  but  which  was  first  demon- 
strated by  Newton^  from  mechanical  considerations.  Where  the  forces 
Tary  inversely  as  the  squares  of  the  distances,  as  in  the  case  of  gravitation, 
the  squares  ot  the  times  of  rerohitioai  are  proportional  to  the  cubes  of  the 
distances.  Thus  if  the  distance  of  one  body  be  four  times  as  great  as  thai 
of  another,  the  cube  of  4  being  64»  wliieh  is  the  square  of  8^  the  time  of  its 
rsTolntion  will  be  8  times  as  great  as  that  of  the  first  body.  It  would  be 
easy  to  show  the  truth  of  this  proposition  experimentally  by  means  of  the 
whirling'  tal>lo,  but  the  proof  would  be  less  striking  than  tilose  of  tlw 
simpler  laws  which  have  already  been  laid  down. 

Hitheiio  we  have  suppotied  the  orbit  (»f  a  revolving  body  to  be  a  j>erfect 
circle;  but  it  often  happens  in  nature,  as  for  instance  in  aU  the  planetary 
motions,  that  the  orbit  deviates  more  or  less  from  a  circular  form  ;  and  in 
sneh  eases  we  nay  apply  another  very  important  law  which  was  also 
discovered  by  Kepler  ;§  that  the  light  line  joining  a  revolving  body  and  its 
centre  of  attraetioii,  always  describes  equal  areas  in  equal  timeei,  and  the 
velocity  of  the  body  is  tiierefore  always  inversely  as  tiie  perpendionlar 
drawn  from  the  centre  to  the  tangent.    (Plate  I.  Fig.  14.) 

The  demonstration  of  this  law  invented  by  Newton, ||  was  one  of  the  most 
old  trjuit  rqiplications  of  the  pwmetry  of  infinites  or  indivisibles ;  a  branch  f 
matlienuitics  of  which  Archimedes  laid  the  foundationR,  which  Cavalleri** 
and  W«)lis1-t  nrreatly  advanced,  and  which  Newton*;^  broui^ht  near  to  per- 
fection. Its  truth  may  be  in  some  measure  shown  by  an  experiment  on  the 
revolution  of  a  baU  suspended  by  a  long  thread,  and  drawn  towards  a  pdi^ 
immediately  under  the  point  of  suspension  by  another  thnad,  which  may 

*  PHndpia,  I.  Prap.  4,  Cor.  2.         f  Hamonise  Muadii  lib.  v.  cap.  S,  §  8. 

t  Principia,  1.  Prop,  i,  Cor.  6 ;  and  Prop.  15. 

§  On  the  Motion  of  Marti,  1GU9,  p.  194.       \{  Priucipia,  I.  1. 

**  Exercitationes  GeometricE,  Bonon.  1647. 

+t  Arithmetica  Infinitoruni,  Op.  fob  Ox.  \f^99,  v  i,  p.  r^65. 

Xt  Fluxions.  Trans,  by  Col&on,  4to,  1736,  I'h.  Truns.  No.  432.  Consult  also 
Taylor,  Mctliodus  Inc  re  men  to  rum,  4to,  1715.  Maclaurin's  Fluxions,  2  vols.  4to, 
T.on(1  iri  j  F  ilor.  Ch1cu}ii=  Dif.  ct  int.  4  vols.  4to,  Pet.  1792.  Lecraix,  Tkait^ 
du  C4lcul  Dit  S  voU.  4to,  Paru.    Lagrange,  Calcul  des  FoDcUona. 
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dtherb6heldlBlli»liiBd»or]ima«ii|^aAtediidt6H.  The-liallbaliig 
iDiid«  to  imtva^  its  motikm  beeonm  endtntly  more  xtspid  wbrn  it  isdmwn 
hy  11m  lunuoiitkl  thread  imbiw  to  the  fixed  point*  ond  dower  when  it  Is 
Mifiered  to  fly  oiFto  a  greater  distanoe.  (Plate  II.  Fig.  15*) 

It  was  also  disooveTed  by  BLefiler*  that  each  of  the  planets  revolvea  in  an 
^^^ipfiffy  of  which  the  sun  oocupieo  one  of  th^  foci.  It  is  well  known  that  an 
ellipsis  is  an  oval  fiffun%  which  may  be  described  by  fixinc  the  ends  of  a 
threat!  to  two  points,  and  moving  a  tracing  point  so  thu'  it  may  always  be 
at  the  point  of  the  angle  formed  by  the  thread  ;  and  that  the  two  lixed 
points  are  called  its  foci.  The  inference  respecting  the  force  by  which  a 
body  may  be  made  to  revolve  in  an  eUipsiB,  was  first  made  by  Newton  if 
that  ie^  that  tiio  fiwee  direeted  to  its  feeus  vmet  he  invereely  as  the  aqnare 
«f  tbodietanee.  We  have  no  other  ea^erimental  proof  of  this  theoreinthaii 
afltiaoomieal  ofaaemilioiiB»  wUeh  are  Indeed  perfectly  decieiTS^  hut  do  not 
reqoire  to  be  here  anticipated.  (Tlale  II.  Fig.  16.) 

There  le  another  general  propodtion  which  is  aonietimes  of  use  in  the 
comparison  of  rectilinear  and  curvilinear  motions.  Two  bodies  being  at- 
tracted in  the  same  manner  toward-^  n  trhen  centre,  that  i«,  ^vith  equal 
forces  at  equal  distances,  if  their  velocities  he  once  equal  at  equal  distances, 
they  will  remain  always  equal  at  equal  dibtances  w  hatever  be  tlieir  direc- 
tions.^ For  instance,  if  one  cannon  ball  be  rfiot  obliquely  upwards^  and 
another  perpendicularly  upwards  with  the  eame  rdocity,  the  one  wiU 
deaeribe  a  onrre^  and  the  other  a  straight  line,  but  th^  Tclocities  will 
always  xemam  e^ual,  not  at  the  eame  inetanteof  time^  hat  at  eqnal  distances 
from  the  earth's  centre^  or  after  having  aaeended  through  equal  yertieal 
he^ti^  aKhongfa  m  di£Fierent  directions.  This  proposition  has  usually 
been  made  a  step  in  the  demonBtxation  of  the  kw  of  the  force  by  which  a 
body  is  made  to  revolve  in  an  ellipsis,  but  there  is  a  much  simpler  method 
of  donirtnstrating  that  law,  by  means  of  some  properties  of  the  curvature  of 
the  elli])sis. 

In  treatiisg  of  the  motion  of  projectiles,  the  force  of  gravitation  may, 
without  sensible  error,  be  considered  as  an  equable  Ibtee^  aeting  in  paiallel 
lines  perpendicular  to  the  horiaon.  In  leaKty,  if  wo  aaeend  amUefiom 
the  enth's  nsfaM,  the  actual  weight  of  a  body  is  dindniehed  abont  a  two 
thonsandthpart*  or  three  grains  and  a  half  for  eveiy  pound ;  and  we  may 
disooTor  this  inequality  by  means  of  the  vibrations  of  pendulums,  which 
become  a  little  slower  when  they  are  placed  on  the  summits  *>f  very  high 
mountains.  On  the  other  hand,  a  body  not  specificnlly  hrnvit- r  than  water 
gains  more  in  apparent  weight  on  account  of  the  iluiiiiii-iievl  density  of  the 
atmosphere  at  great  elevations,  than  it  losed  by  the  iucreaJie  «f  its  distance 
ffom  the  earth.  But  both  these  diflFerences  may,  in  all  common  calcuU- 
tionsi,  be  wholly  disregarded.  The  direction  of  gravity  is  always  exactly 
perpendicular  to  the  horizon,  that  is,  to  the  suHkce  of  the  earth,  which  Is 
somewhat  curved,  on  account  of  the  earth's  spheroidical  figuie ;  but  any 
email  portion  of  this  saiftoe  may  be  piadioally  considered  as  a  p]aii%  and 
the  vertical  Knee  perpendicular  to  it  as  paiaM  to  each  other. 

•  OatheMotioiiof  Mm,  C.58.  f  PriiMd|iis,  I.  lU 

X  PMp.40. 
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The  otiH<{iie  motioii  of  ft  pn^eetib  mj  be  the  fiUMt  eiiDy  nndaiitood  by 
resolving  its  Telocitj  into  two  parts  the  one  In  a  horisont^  tlie  oilier  in  n 
▼eilical  dlrfletion.  It  appears  from  the  doetrine  of  the  oompoaition  of 
motion,  that  tlie  horizontal  veloolty  will  not  be  alibetod  by  the  force  of 
graiitaftion  acting  iif  a  direction  perpendicular  to  it,  and  that  it  will,  there- 
fore,  continue  uniform  ;  nnd  that  the  vertical  motion  will  also  be  the  rame 
as  if  tlie  Ixxly  had  no  liorizonta!  motion.  Thus,  if  wo  let  fall  frntn  the 
head  of  the  mast  of  a  shij)  a  weight  which  partakes  of  its  proirri'SHlve 
motion,  the  weight  will  descend  liy  the  side  of  the  mast  in  the  same  manner 
and  with  the  same  relative  velocity  m  if  neiUier  the  ship  nor  the  weight 
had  any  h(»in»ital  motion. 

We  nay,  theiefore»  always  determine  the  gnaftest  heiglit  to  wMeh  a  pfo* 
jeetile  wlU  rise^  hy  finding  the  liflight  fkom  wliich  a  body  must  iUl  fai  order 
to  gain  a  velocity  equal  to  Its  wtical  v  ^  ity,  or  its  velocity  of  a$«ceat; 
that  is,  by  squaring  one  eiirhth  of  the  nnraber  of  feet  that  it  would  rise  in  the 
first  second  if  it  were  not  retarded.  For  example,  suppose  a  musket  to  he  so 
elevated  that  the  muzzle  is  hipher  than  the  hnt-cnd  by  half  of  the  L n-rh, 
tliat  is,  at  an  angle  of  00"  ;  and  let  the  hall  he  discharyed  with  a  viit»ii(y 
of  1000  feet  in  a  second  ;  then  its  vertical  velocity  will  be  half  as  great,  ur 
90O  feet  In  a  second ;  now  the  sqnate  of  one  eighth  of  MO  is  aB06^  eonse- 
qnently  the  height  to  which  the  ball  would  riae^  If  nnnrisled  by  the  air,  la 
9906  feet,  or  three  qnarteis  of  a  mile.  But,  in  faet,  a  mtuilDet  ball  aotaslly 
shot  npwards,  with  a  Telocity  of  1070  feet  in  a  second,  which  wcmld  rise 
six  or  seven  mile<^  in  a  raninm,  is  80  retarded  by  the  air,  that  H  does  not 
attain  the  heii;]it  of  a  sintrle  mile. 

We  may  easily  fiTu!  the  time  of  the  hodv's  asocnt  from  its  initinl  vehu-ity; 
for  the  time  of  ascent  is  directly  proj)ortional  to  the  velocity,  aud  may  he 
found  in  seconds  by  dividing  the  vertical  velocity  in  feet  by  32  ;  or  if  we 
divide  by  IG  only  we  shall  have  the  time  of  ascent  and  deeesnl ;  and  dien 
the  horiiontal  range  may  be  fonnd,  by  calculating  the  distance  described 
in  this  tone  with  the  nnifonn  hoiiaontal  Telodty.  Thns,  in  the  ezaao^le 
that  we  have  assamed,  dividing  MO  by  16  we  have  81  seconds  for  the 
whole  ttme  of  the  range ;  but  the  hypotenuse  of  our  triaiqi;le  being  1000^ 
and  the  perpendicnUir  500,  the  base  will  be  886  feet ;  consequently  the  hori- 
zontal ran^-e  is  times  t^Bf?,  that  i>»,  nearly  2n,fKM»  ffrt,  or  aliove  B  mileH. 
But  the  resistance  of  the  air  will  reduce  this  distance  ai»o  to  ht^  Umu  oue 
mile. 

It  may  be  demonstrated  that  the  horizontal  range  of  a  body,  projected 
with  a  given  velocity  is  always  propartfomi  to  tiie  rise  of  twtoi  the  angle 
of  elevation :  that  ii^  to  the  [sine  ofthe  angle  ofjelovatkMi  of  the  mnaslecf 
the  piece  in  a  sitnation  twice  as  remote  from  a  hoiixontal  position  aa  tta 

actual  situation.  Hence  it  follows,  that  the  greatest  horizontal  range  v^ 
be  when  the  elevation  is  half  a  right  angle  ;•  supporing  the  body  to  move 

in  a  vacuum.  But  th^  resistance  of  the  nir  increaf»e»  with  tlie  )i-!iifth  of 
the  path,  and  the  *«me  cause  also  makes  the  anirlc  of  descent  iiiin  ti  greater 
than  the  an^le  of  ascent,  as  we  may  observe  in  tlie  track  of  a  IkhoIi.  For 
both  these  reubuua,  tlie  best  elevation     somewhat  lc:>s  than  40%  and  some* 

*  GaUleu,  Dial.  IV.  Prop.  7,  cor. 
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times,  when  the  velocity  u  rery  great,  as  little  ns  SOP.  But  it  tuoally 
happens,  in  the  operationa  of  natural  causes,  that  ncnr  tlio  point  where  any 
quantity  is  greatest  or  least,  its  variation  is  slower  than  c  l  ewhere  ;  a  small 
<liiFerence^  tlierefore,  in  the  an;rIeof  elevation,  in  of  little  eoiiht^uence  to  the 
extent  of  the  range,  provided  that  it  continue  hetw«eu  the  liuut«  of  and 
9Bt^  ;  and  forthe  miii«  nawii,flii  aqgilwa^ailiMatitquiiea  keaaeeiiney 
in  Ihis  pontion  than  in  any  oUmt,  which,  harfdea  tha  aoonaaiy  «i  powder, 
makea  it  tha  bast  alavrntion  tar  pcmUm,  (Hale  IL  Fig;  17, 1&) 

The  path  of  a  projectile,  aappoaed  to  move  without  resistance,  is  alwaya 
a  parabola.  This  interesting  proposition  was  first  discovered  by  GalUao 
it  follows  very  readily  from  the  doctrine  of  the  composition  of  motion,  com- 
bined the  laws  which  that  ]»hilosopher  established  cono  rninu:  the  fall 
of  heavy  bodies,  if  from  any  puii>t»  of  a  given  right  line,  as  iiiany  lines  bo 
drawn,  parallel  to  each  other,  and  proportional  to  the  ^quareti  of  tlie  corre- 
sponding ttcguients  of  the  first  line,  the  curve  in  which  all  their  extremities 
•cafoDBdt  is  a  parabola.  Now  supposing  tha  first  line  to  be  plaoad  in  tha 
dinetifln  of  tha  initial  motion  of  aprojeetiltb  and  paiaUal  Vittioal  linaato  ba 
dimwn  Aroogk  any  points  of  it,  proportional  to  the  squares  of  the  segmcnta 
which  they  cut  off,  these  linea  will  reproeent  the  efiect  of  gravitation,  during 
the  times  in  which  the  same  8^:ment8  would  have  been  descrihed,  by  the 
motion  of  projection  alone ;  con«?eqnently  the  projectile  will  always  ho 
found  at  the  extremity  of  the  vertical  line  corret?ponding  to  the  time 
elapsed,  and  will  therefore  describe  a  {larabola.    (Phite  II.  Fig.  17, 19.) 

It  is  easy  to  show  by  experiment,  that  the  path  of  a  projectile  is  a  para- 
bola: if  we  only  let  a  ball  deeoeDd  fnm  a  eeitain  point,  along  a  groove,  so 
aa  to aeqfnim  a  known  "vdooiigF*  ve  niaytraae on  aboard  the  paralM^ 
it  will  afterwatda  describe  during  its  fitee  deaeent ;  and  by  placing  ringa  at 
different  parts  of  the  carve,  we  may  oI)^serve  that  it  will  paaa  Uurough  them 
all  without  striking  them.  (Plate  II.  Fig.  10.) 

In  practical  cases,  on  a  lanrc  ficale,  where  the  velocity  of  a  projectile  is 
cort«Mcrable,  the  re'^i'^tm1^^'  df  the  atinosfihere  is  8o  ^reut  as  to  render  the 
(ialiiean  prupositjuii^  (  f  liuk'  or  no  usy  j  and  n  coin]iletc  determination  of 
tlie  path,  including  ail  the  circumstance »'hich  may  inliueuce  it,  in  attended 
with  difficdtiea  almoak  inanperahfet  It  appears  from  Robins*s  ezperi- 
menti^  that  tha  reaatanae  of  the  air  to  an  iron  ball  of  4i  inchaa  in  diameter, 
moving  ai  the  rate  of  800  £Bet  in  a  aeoondy  ie  eqnal  to  Ibnr  timea  ita  weighty 
and  that  where  the  veloeity  ia  araeb  greater  the  rsrietance  increaasa  Ur 
more  rapidly.f  But  what  must  very  much  diminish  the  probability  of  onr 
deriving  any  pjeat  practical  advantnpre  from  the  theory  of  gunnery,  is  an 
observation,  mmle  also  by  Mr.  RobiiT^,  that  a  ball  sometimes  deviates  three 
or  four  hundretl  yards  laterally,  wiLliuut  any  apparent  reason  ;X  ko  that  we 
cannot  be  absolutely  certain  to  come  within  this  distance  of  our  luiiik  m  any 
direction.  The  circumstance  is  probably  owing  to  an  accidental  rotatory  mo- 
tion oonunnnieated  to  the  baU  hi  ita  passage  through  the  piece,  causing  after- 
watda agrtaterfrictieaftmn  the  air  on  one  aide  than  on  the  other;  and  it  may 
in  aoma  meaanre  be  remedied  by  employing  a  rilla  baml,  which  deteminea 

*  fMsIogncs  on  Molioni,  Dbl.  PT. 
t  MatfaemsticslTVicts,  8  vols.  1761,  L  Ml.        t  Ibid.  p.  IfiO* 
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ihb  mtation  of  the  ball  in  mich  a  manner  that  its  axis  coincides  at&rttwiih 

the  path  of  the  ball,  s<>  that  the  same  face  of  the  ball  is  turned  in  succession 
every  way.  For  the  ordinary  purposes  of  gunnery,  an  estimation  ^roverned 
by  experience  is  found  to  l»e  tlie  best  gtiide ;  at  the  same  time  tlierc  is 
diiubt  but  that  tmuke  astiislance  luay  he  obtained  frum  ilieoiy  and  truni  cx« 
perimw&t.  TbMe  w1u>  an  dadroas  of  pnnaing  tlie  subject  may  find  muck 
infoimatiioii  vdatiag  to  it,  coUected  by  Profanor  Bobiioii»  io  the  arliolo 
'Frojeetilo*  of  the  Encydoptedi*  Britaimioa. 


Lect.  IV.— additional  AUTHORITIES. 

Central  Forces. — Hookc,  Birch's  History  of  the  Royal  Society,  ann.  166  t-C,  it. 
69,  90.  iiuygens  de  vi  ceutrifuga,  Ojj.  post ;  de  causa  gravitalis,  109U.  Kciii,  I'h. 
IV.  1708,  p.  174  ;  1714,  p.  91.  Demoivre,  Ph.  Tr.  1717,  p.  G22.  Moclaurio, 
Geom.  Orcan.  4to,  1720.  I^uville,  Hist,  et  Mem  '^r-  V  Acad,  dc  Pari*,  17'i'>.  Mau- 
pertuu,  ibid.  1732,  p.  343,  H.  112.  Montigny,  1741,  p.  2H0,  H.  i4.>.  Bosco- 
▼ich,  Com.  Bon.  II.  iiL  262.  Waring,  Ph.  Tr.  1788,  p.  67.  Manchester  Memoirs, 
iv.  369;  v.  101.  Tremblcy,  Hist,  et  Mem.  <h-  rAr  ;  !  <li'  I'^  rlia,  1797,  p.  3C. 
Brinkley,  Trans,  of  the  Royal  Iri&h  Academy,  vm.  21.'i.  i>ayrauge,  MLsculUuca 
Tsttrinengia,  ii.  II.  and  iv.  Iv.   Airy  on  Gravitation,  1834. 

On  Projtciilet  end  Gunnery. — Frisius,  (  o-itnogmphia,  iv.  Antwerp,  1584.  Diggea 
on  the  Art  of  Great  Artdlcry,  iU>,  1624.  iialk  y,  Ph.  Tr.  1686,  p.  3  ;  109i,  p.  GH. 
l;  II  ulh.  Comm.  Fbysico-Math.  Paris,  1710.  Keill,  Ph.  Trans.  1715,  p.  91. 
T.  Simpson,  ibid.  1748,  p.  137.  Robins,  ibid.  17i:?.  137;  nnd  Mathematical 
Tracts,  2  vols.  17G1.  liurda,  Hist.et  Mem.  de  I'Acdil.  dc  ljuj,  p.  247,  H.  116. 

Cile  nr,  ly  if  Gunnery,  Edin.  1776.  Brown,  Tlie  Truel'riiiijij>les  of  Gunnery, 
4to,  1777  (partly  atranslation  from  Euler).  Hutton,  Ph.Tr.  177K,  j).  50  ;  Tra  t'^,  Iro, 
1786,  V.  3.  Pringle,  A  Discourse  on  the  Theory  of  Goanerj,  4to,  1778.  Thompson 
(Count  Rumford),  Ph.  Tr.  1 78 1 ,  p.  829  $  1797,  p.  S22.  Innm,  An  liMwtioa  l» 
Naval  Ommery,  Portica,  1828. 


LECTURii  V. 


ON  CONFINED  MOTION. 

Wb  hftTO  Uthorto  eoniidered  the  principal  caseo  of  motion,  either  un- 
diitnrbed,  or  amply  nbjeeted  to  the  action  of  ea  eeoelemtiiig,  retaiding,  or 
deflective  force.  We  ninr  proceed  to  ezemine  the  eObeli  of  en  «dditioiial 

modification,  which  is  introchieed  when  the  motion  ie  limited  to  a  givm 
line  or  surfaoe  of  any  kind  ;  the  body  either  being  supposed  to  slide  on  the 
eiuiioe  of  a  eolid  actually  extended,  or  bcintr  c(jnfined  to  an  iniatrinan,-  sur- 
face by  its  attachment  to  a  thread,  or  still  more  narrowly  restricted  by 
iiienns  of  two  threads,  which  allow  it  to  move  only  in  a  given  hue.  Sus- 
pension  ia  the  most  convenient  mode  of  making  experiments  on  confined 
motion ;  hot  it  ie  not  always  easy  to  canee  tlie  Ixidy  to  remain  in  tlie  enr- 
Hmw  that  is  reqiriied ;  and  to  oonfine  ii  in  thie  manner  to  a  perfectly  plane 
aniliMe  is  impoeriUe.  Whan  we  eofler  a  body  to  elide  along  any  aurfaM^ 
there  ie  a  loes  of  force  from  frictien,  from  the  ])roductIon  of  rotatory 
motion,  or  from  both  these  eaneee  combined.    The  vSwi  of  friction  is 
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obvious  and  wdl  known ;  aad  mmmy  be  toaybntd  lit  IIm nteidation  ai- 
tentot  OB  tin  pradnetkm  of  lotaiory  molioii,  hj  aUowiiif  two  cylinden^ 
of  oqml  diiDoitnoiu^  to  roU  down  an  inciined  plane :  tbo  one  Mng  ooToiod 
wtth  flhett  leod»  the  otfier  having  an  equal  weq^  of  lead  In  iti  tad$,  and 
being  covered  with  paper,  and  both  having  daihr  pRjeeting  surfaces  at 
the  ends, which  oome  into  contact  with  the  pUne,  we  may  easily  observe  that 
in  the  fir«t  cvliiifler,  iinich  more  of  the  f*»rre  is  c<m«^iiTn( •  !  in  ]irn«lucinp[ 
rotatory  ui  iioii,  tiiaii  in  the  K€»K>ndy  and  that  it  therefore  detteeudii  much 
more  eio w  iy .    ( Plate  1 1 .  Fie:,  iio.) 

When  a  body  \a  placed  on  an  iucliued  plane,  the  force  tugiug  it  to 
desemd,  in  the  direction  <tf  the  plane,  i»  to  the  whole  force  of  gravity  as 
the  height  of  liieidaBe  is  to  its  length.  This  iedemonatiablefipeBi  the  piin- 
ciples  of  the  eompootion  of  motion,  and  nay  alao  be  dMwa  eKperimaatall jr 
with  gioat  aoeoncj*  when  we  oonsider  the  doetftno  of  the  ei|aillbrl«m  of 
forces,  Bnt  the  interference  of  fricdon  will  only  allow  us  to  observe,  with 
tespect  to  the  velocities  produced,  that  they  nearly  approach  to  those  which 
the  calculation  indicates.  ThiiR,  if  a  jjlane  he  inclined  one  inch  in  n2,  a 
ball  will  *l(>ti<<end  on  it  in  two  odcouda,  instead  of  64  feet^  somewhat  leas 
than  two  feel. 

It  may  be  deduced  from  the  laws  of  accelerating  forces,  tliat  when 
bodies  descend  on  any  inclined  planes  of  equal  heights,  but  oi  different  in^ 
Tl«natSffli*«t  the  times  of  deeoent  an  aatha  kngtha  of  the  planes,  and  the 
final  vetodtieaaieeqiiaL  ThnaabodywiUae^niit  avdocHyof  a2lMtina 
eeeond*  after  having  deeeended  16  M  either  in  a  veittdd  line^  or  in  an  obliqae 
direction  ;  but  the  time  of  descent  will  be  asmiich  greater  than  a  second  aa 
the  oUique  length  of  tiie  path  is  greater  than  16  feet.  This  may  be  shown 
by  experiment,  as  nearly  as  the  obstacles  already  mentioned  will  permit, 
the  times  being  measured  by  a  pendulum  or  by  a  stop  watob.  (Plate  XI. 
Fig.  21.) 

There  is  an  elegant  proposition,  of  a  t*iinilar  nature,  which  more 
capable  of  experimental  cuntiruuitiun  ;  that  is,  tliat  the  times  ui  falling 
through  all  chorda  drawn  to  the  lowest  point  of  a  cirde  are  equaL  If  two 
or  more  bodies  are  plaeed  at  dUAMnt  points  of  a  drde^  and  safiered  to 
descend  at  the  same  instant  along  as  many  planes  which  meet  in  the  lowest  • 
point  of  the  drde^  they  will  arrive  there  at  the  same  time.  (Plate  IL 
I%.22.) 

The  velocity  of  a  body  descending  along  a  given  surface,  is  the  same  as 
that  of  a  Ixidy  falling:  freely  thrnugh  an  equal  height,  not  only  when  the 
surface  is  a  plane,  but  alno  wlien  it  is  a  continned  curve,  in  which  the 
body  is  retained  by  its  attachnu  at  t  >  a  threa<l,  or  is  support^tl  by  any 
regular  surface,  supposed  to  he  free  trom  fricLiun.*  We  m&y  easily  bhow, 
by  an  experiment  on  a  suspended  ball,  that  its  velocity  is  the  same  when 
it  descends  from  the  same  height*  whatever  may  be  the  form  of  its  path,  by 
observing  the  height  to  which  it  rises  on  the  opposite  side  of  the  lowest 
point.  We  may  alter  the  form  of  the  palli  in  whidi  it  descends,  by  plaoing 
pins  at  different  points,  so  as  to  intetfere  with  the  thread  that  sopports  the 
bail*  and  to  form  in  snecession  tempomy  centres  of  motion ;  and  we  shall 

*  Priadiiia,  i.  40. 
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EmA,  In  all  mmt  Hiai  tiM  body  weendi  to  a  hsigfat  eqoal  to  ihat  hmm 
wMch  it  deicmdod,  with  a  mall  dednctioa  on  accowiiiof  fniotiia.  (Pluto 

II.  Fig.  23.) 

Henoe  is  d«riTed  the  idea  CPUf^yad  by  the  term  fiving  or  ascending  force; 
for  since  the  height  to  which  a  body  will  nac  perpendicularly,  is  as  the 
square  of  its  vflocity,  it  will  preserve  a  tendency  t<>  ri-'p  tx>  a  height  whicb 
is  as  the  square  of  its  velocity  whatever  may  he  the  pith  into  which  it  is 
directed,  provided  that  it  meet  with  no  abrupt  angle,  or  that  it  rehound  at 
each  augie  lu  a  new  direction  without  lociiug  any  velocity.  The  same  idea 
Is  aomeirhal  moca  concisely  expressed  by  the  term  energy,  which  indicates 
th«  totukney  of  a  body  to  aiemd  or  to  penotiato  to  a  certain  dSstoiiM,  in 
oppoaitionto  a  ntaidiag  fovea. 

Tha  moei  important  eaiea  of  the  motion  of  bodi«»  oonfinad  to  givan  aarw 
fiMes,  are  those  which  relate  to  tlie  propeitites  of  pendulums.  Of  these 
the  Bimplest  is  the  motion  of  a  body  in  a  cydoidal  path.  The  cycloid 
i.s  a  curve  which  has  many  peculiarities  ;  we  have  already  seen  that  it  is 
described  hy  marking  tlie  ]>ath  of  a  given  point  in  the  circumference  of  a 
circle  which  rolls  on  a  ri<iht  line.  [|).  19.3  ^^iidileo  was  the  first  that  con- 
sidered it  with  atteutiuu,  but  he  failed  in  his  attempts  to  investigate  its 
propertiea.*  It  is  angular  enough,  that  the  principal  cause  of  his  want  of 
ancQeee  waa  an  inaoeiuato  exporiaMnt:  In  order  to  obtain aeoie  pmiooa 
infonDation  raipeotiiig  tha  ana  indoded  by  it»  ha  oat  n  board  into  n 
cydoidal  form,  and  weighed  and  ha  infoied  from  the  azperimaiit  thst 
the  area  bore  some  irrational  ])roportion  to  that  of  the  describing  didit^ 
while  in  fact  it  is  exactly  triple.  In  the  aame  manner  it  has  Imppened  in 
later  times,  that  Newton,  in  his  closet,  determined  the  fimire  of  the  earth 
more  accurately  than  Cassini  from  actual  measurement. t  it  w  as  Ihiygeua  J 
that  first  demonstrated  the  jiroperties  of  the  cycloidal  pendulum,  which  are 
of  HtUl  more  importance  in  the  solution  of  various  mechanical  problems, 
than  for  the  immediate  purposes  of  timekeepers,  to  which  that  eminent 
plukeopher  intended  to  apply  them.  (Plate  I.  Fig.  6.) 

If  a  body  ha  aupcnded  by  a  thiead  playing  between  two  cyeloidal 
dieeksy  H  will  deeoiiba  another  equal  cycloid  by  tha  etolntion  of  tha 
0  thread,  and  the  time  of  ^-ihration  will  be  the  same,  in  whatever  part  of  the 
earve  it  may  begin  to  descend. §  Henoe  the  vibrations  of  a  body  moving 
in  a  cycloid  are  denominated  isochronous,  or  of  equal  dur-ifion.  This 
equality  may  he  shown  by  letting  go  two  pendulous  balls  at  tiie  same  in- 

*  On  thr  nnthority  of  Toricelli,  Op  1644.  Consult  Wallis ,  Op.  3  vols.  fol.  Oxf. 
1699»  i.         and  i'h.  Tr.  xix.  ill,  The  cjclotd  was  kiiuwu  U>  Cuiwnuii  1454, 

and  to  Bovillus  IfiOO,  a  i  tmtury  before  it  was  comUercd  by  GaUlso.  See  l^sihaiti, 
Op.  iii-  9'),  (\nd  British  Magazine  for  1800. 

f  CiJAsiui,  from  bis  father's  and  M.  Picard*B  measurcmenta,  provt  d  tlua  tlu*  earth 
must  be  a  iphewwd,  whose  axb  ii  fleeter  fban  its  «|[aatorial  diameter.  Newton  de> 
duced  th«'  contrirv  from  theory;  and  it  is  so  in  fact.  See  Mem.  de  I'Acad.  1713, 
1718.  N.  wton  s  i'rincipia,  and  Pli.  Tr.  1  725,  pp.  33,  201,  239,  277,  344.  Against 
Mairan,  Mt'm.  de  i'Acad.  1720. 

X  Horologium  Oscillatoriam,  fol.  Paris,  1673. 

§  Ibid.  Compare  Part  I.  with  Prop.  2^,  Fart  II.  In  Birch's  History  of  the 
Ri^ral  Soc.  is  found  an  investigation  of  the  asme  property  bj  Lord  Brouncker, 
mri^^trred  Jaa.  22,  16$2.  Tho  pwsiileBlirae  orteied  to  sea^  a  oepy  of  it  to  Hoy* 

geii«. 
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fewest  point   (Pble  II.  Fig.  24.) 

The  abflolnte  tune  of  iho  deseeBt  or  ascent  of  a  pendulum,  in  a  cycloid, 
is  to  the  time  in  which  any  heavy  body  would  fall  through  one  half  of  the 
length  of  tlie  threati,  as  h:\]f  the  circumferenee  of  a  circle  to  its  iliametcr.* 
It  is,  theref'>n%  nearly  eijuul  to  the  time  required  for  the  ciesceiit  of  a 
l)o<iy  through  ^  uf  llie  length  of  the  thread  ;  and  if  we  suft'er  the  penduiuni 
to  descend,  at  the  Hiime  moment  that  a  body  Calk  from  a  point  ekvated 
ma  fowkhaf  Hit  length  of  tiM  thnad  akore  the  point  of  aMpenaUMi,  1Mb 
iMtdywmiMoitlMpaidaliiR  lowest  poiat  of  llivibn^^  (Plato 
II.I%.S4.) 

HmotHm^ntidSfyhabamtA,  tliatsitMilifttiaMiol  iy]li«4kivii«h 

any  Rpaoes  are  as  the  iqpMre  roots  ol  thooo  spaces  the  times  of  Tibntioii 

of  different  pendulums  are  as  the  square  roots  of  tlteir  lengths.   Thus,  the 

times  of  vihrntioTi  of  pfnfiiilnm«'  of  1  foot  and  4  foot  in  length,  will  l>e  as 
1  to  2  :  the  time  of  Yil)iati  u  rf  a  penduhnn  .'^.^W  inchoi  in  lengtli  is  one 
second  ;  tlu  length  of  a  pendulum  vibrating  in  two  seconds  murt  be  four 
times  as  great. 

The  Telocity  with  which  a  pendulous  body  moves,  at  each  point  <^  ft 
cgndoUaloarre,  may  be  sepioMBted,  by  eopposmg  anotfiir  pondnlum  to 
Mffolveuitanly  in  ecbols^  Betting  ovttfroBi  the  kwe^ 
time  tint  the  fink  p<wdn1wn  begiae  to  mor%  eaieoMpMBgHemtthitiiOD 

in  Ibe  tim  of  two  ▼ibrations ;  then  tho  height,  acqviiod  by  the  pendulum 
rnnMag  eqoAbly,  will  always  be  equl  to  the  space  deeerihed  by  the 
pendulum  vibrating  in  the  eydoid.    (Plate  II.  Fig.  24.) 

It  may  also  be  shoAvii,  that  if  the  pendulum  vibmte  throucrh  the  whole 
curve,  it  will  everj'wliere  move  with  the  sanu  velot  ity  as  the  jK>int  of  the 
circle  which  is  supposed  to  have  oripfinally  deHcrii)ed  the  eydoid,  pro- 
vided that  the  circle  roll  onwards  with  an  equable  motion* 

All  these  propertieedepMid  on  tUe  cfanun^ABee,  that  the  nlativelDrce, 
urging  the  body  to  deeeand  afeng  Ihetave^  k  etways  proportieiMil  to  Ibe 
diileaoe  from  the  loweet  poial ;  and  it  happen  la  nieay  other  iaelea^ 
Uie  ectioa  of  Tariooe  Isnee^  tiiit  ariaulerlaw  pravaib :  in  oil  each  oaeee^ 
tfie  vibrations  are  isochronous,  and  the  space  described  corresponds  to  the 
versed  sine  of  a  circular  are  increasing  uniformly,  that  is  to  the  heii^lif  of 
eny  point  of  a  wheel  letoMnf  onifionaly  oa  ite  Koa,  or  roUing  aaiformly 
on  a  horiy.ont^vl  plane. 

Thecycl  »iil  is  tUrrurve  in  whichabmiy  may  descend  in  the  shortest 
possible  tune,  froiu  a  given  point  to  anotlier  obliquely  below  it.t  It  may 
eeelly  he  liMmn  thai  a  hody  deeeeade  more  rapidly  in  a  cycloid  thea  iathe 
right  iiae  joiaiag  the  two  poiato*  Tfaie  property  ie  ef  litUe  prMlieil 
utility ;  the  pwpeeitien  wee  fomeily  ecoeideied  ee  eomewhat  diftciilt  to 
he  deoMMiiMedy  hot  of  leto^  from  the  iamtfen  of  aew  aiodee  of  caleolap 

♦  H«y(?.  HoroL  Ownl.  Part  II.  Prop.  25. 

t  Jo.  BenxmUi,  AcU  Eradit.  Lip.  1696,  p.  269.  Ja.  Eernoulli,  ibid.  1G97,  p. 
211,  and  Opeia,  fl.  768.   Eider,  Ada  Petrop.  1733,  &e.  &e.   Lagrange,  Miacdla'- 

nea  Tnnrincnslii,  vols.  i.  nnci  ii  rrvi'-iilt  Wondhonsc's  IsoperiiaetriBBl  AfobkUMi 
Camb.  1810 ;  or  the  article  Vurtuitom  in  the  Encyc.  Brit. 
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tion»  theoieiitt  of  a  nndbur  natnn  hm  been  mndi  «ztoiid«d  wifh  gnat 

fKility.  The  experiment  natanlly  sogsests  a  familiar  j/Kfntb,  wbidt 
etntionB  ns  againnt  being  led  away  too  precapitaleljr  bj  an  appeanuioe  of 
brerity  and  facility.    (Plak-  II.  Fig.  25.) 

It  has  been  found  that  the  inconveniences,  resulting  from  the  compli- 
cated apparatus  neces-sary  to  inti  Miuce  a  cycloidal  motion  for  the  pen- 
dulums of  ck)cks,  are  more  thaii  equivalent  to  the  advantage  of  j)erfect 
bochronism  iu  Uieory.  For  since  iu  small  cycloidal  arcs  the  curvature  is 
nearly  .oonafeanty  iho  tiina  of  vibtation  of  a  aimpU  circular  pendulum  must 
be  nlCiiiuiteljr  the  aame  as  tliat  of  a  ^oloidal  pendoliini  of  the  leme  length; 
but  in  laxger  arcs,  the  time  miut  be  aomewhat  greater,  beoaose  the  cirenlar 
aro  falk  witturat  the  ^clmdol,  and  is  less  inclined  to  the  horiaon  at 
equal  distances  from  the  lowest  point.  This  may  be  bliown  by  a  compa- 
rison of  two  equal  pendulums,  vibrating  iu  arcs  of  different  extent:  it 
mny  fil  >  lu  observed,  by  an  experiment  with  two  simple  pendulums  of 
dittcreut  Itnigtiii^  that  their  times  of  vibration,  like  those  of  cycloidal 
pendulums,  are  proportional  to  the  bquai  e  roots  of  their  lengths ;  a  half 
second  pendulum  being  only  one  fourtli  as  long  as  a  pendulum  vibrating 
seconds. 

We  hm  been  obliged  to  anppoae  the  weight,  as  wdl  aa  Hie  inertia,  of  a 
pendnliuiiy  to  be  tefened  to  one  pointy  sinoe  we  are  not  at  present  prepared 
to  examine  the  eilecfc  of  the  alij^t  diHtorenoe  between  the  sitnatioas  and  the 

Telocities  of  the  different  parts  of  the  substances,  employed  in  our  experi^ 
ments.  The  natore  of  rotatory  motion  requires  to  be  more  fully  under* 
stood,  before  we  can  attend  to  the  determination  of  the  centres  of  oscillation 
of  bodies  of  various  figures,  that  is,  of  the  points  in  which  their  whole  n-ei(/ht 
may  he  supposed  to  be  concentrated,  with  r^ard  to  its  effect  on  the  tiuie« 
of  their  vibrations. 

It  is  remarkable  that  the  isochronism  of  pendulums,  which  is  a  property 
SO  important  in  its  application,  may  stall  be  preaerred^  notwithstendiiig 
the  interference  of  a  constant  retardtiig  f oro^  sudi  as  the  force  of  friction 
Is  in  many  cases  found  to  be.  It  haa  been  sliown  by  Newton,*  that  each 
complete  ribration  of  a  cycloidal  pendulum^  retarded  by  a  rerfstaube  of 
this  nature,  will  be  shorter  than  the  preoeding  one  by  a  oertain  constant 
Hpacp,  hut  that  it  will  l»e  perfontied  in  the  same  time. 

There  is  a  j^rent  aivilnrry  between  the  vihrntion»  of  pendulums,  and  the 
revolution  of  hali;^  suspended  from  a  fixed  point.  If  a  body,  suspended 
by  a  thread,  revolve  freely  iu  a  horizontal  circle,  the  time  of  revolution 
will  be  the  same,  whenever  the  height  of  the  point  of  suspension  above  the 
plane  of  revoluUon  is  the  same,  whatever  be  the  length  of  the  thread. 
Thus,  if  a  number  of  balls  are  fixed  to  threadi^  or  rather  wires,  connected 
to  the  same  pdnt  of  an  axii^  which  la  made  to  revolve  by  means  of  the 
whirling  table,  they  will  so  arrange  themselves  aa  to  remain  very  nearly  in 
the  same  horizont^  plane.    (Plate  II.  Fig.  26.) 

The  time  of  each  revolution  of  the  balls  is  equal  to  the  time  occupied  by 
a  double  vibration  of  a  pendulum,  of  which  the  length  is  e<jual  to  the 
height  of  the  point  of  suspension  above  the  plane  in  which  they  revolve; 

*  Priucipia,  Book  11.  see.  6. 
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constM|uently  all  the  revolntioii.s  will  he  nearly  isochronous,  while  the 
thread:}  or  wirtM  deviate  hi^t  little  from  a  vertical  situation.*  in  fact,  we 
ma  J  imagine  sodi  a  ivrohitioii  to  \»  «mipoaed  cf  two  YilmtioikB  cf  a 
simple  pendnliim,  axiatiiqf  at  Hie  lame  time,  in  direetioDs  at  right  angles 
to  each  other ;  far  irUIe  a  pendnhim  ie  Yilnrating  ham  north  to  eoafh,  ii 
ii  liable  to  the  impremion  of  any  force,  capahle  of  causing  a  vibration  from 
eaet  to  west ;  and  the  joint  result  of  boUi  Tibrations  will  be  a  unifonn 
revolution  in  a  circle,  if  the  rihrations  are  equal  and  properly  comhiiu-d  ; 
but  if  they  are  unequal,  the  joint  vihrntion  will  he  ultimately  an  ellipsis, 
the  joint  force  beinp;  directed  to  its  centre,  and  always  proportional  to 
the  distance  from  that  centre.    (Plate  II.  Fig.  27.) 

The  near  approach  of  these  revolutions  to  isochronism  has  sometimes 
been  applied  to  the  meaanrement  of  time^  bat  more  frequently,  and  more 
eaeeeerfaUj  to  the  regnlatlon  of  the  motione  of  madunee.  Thna  in  Mr, 
Watt*8  eteam  enginee,  two  balls  are  fixed  at  the  ends  of  rode  in  eontinnal 
lOTohition,  and  as  aoon  aa  the  motion  becomes  a  little  too  rapid,  the  balls 
rise  considerahly,  and  turn  a  oook  which  diminiahea  the  qoanUty  of  steam 
admitted.    (Plate  II.  Fig.  28.) 

Tlio  ^;nne  laws  are  apjjlical)!^  to  many  other  cases  of  rotatory  motion  ; 
f«»r  instance,  if  we  wisli  to  determine  the  heip^ht,  at  which  a  ball,  revolving 
with  a  given  velocity,  will  Ite  retainetl  in  a  t^pherical  bowl,  or  the  incli- 
nation of  a  circular  road,  capable  of  counteracting  ihe  centrifugal  force  of 
a  horae»  ranning  round  [in]  it ;  (for  the  horae^  like  the  ball  of  the 
revolving  pendulom,  has  a  eentiifogal  tendency,  which  is  greater  as  hia 
vebdty  is  greater;)  this  oentrifhgal  fbrce^  combined  with  the  Ibroe  of 
gravity,  oompoees  a  result,  which,  in  the  ease  of  the  pendnlnm,  is  oom- 
pletely  counteracted  by  the  force  of  the  thread  or  ^viTC^  and  must  there- 
fore be  in  the  direction  cf  the  thread,  and  whi<;h  oblige  the  horse  to 
place  hh  legs  in  a  similar  direction,  proceeding  from  nn  imasinaty 
point  of  suspension  ahove  ;  since  he  would  otherwise  he  liable  to  fall  out- 
wards, if  his  velocity  were  sufficiently  great.  But  in  order  to  withstand 
the  pressure  of  the  horse's  legs,  the  road  must  he  in  a  direction  perpendi- 
cular to  them  ;  otherwise  its  materials  will  naturally  be  forced  outward% 
mitll  they  prodnce  an  elevation  snlSetont  to  give  the  road  the  required 
foim.  Thna^  if  the  diameter  of  the  ring  were  40  feet,  and  the  horae 
moved  at  the  lato  of  12  miles  an  hour,  he  would  perform  about  500  revo- 
lutions in  an  hour,  and  half  a  revolution  in  three  seconds  and  a  half. 
Now  the  length  of  a  pendulum  vibrating  in  3^  seconds,  must  be  39  inches 
multiplied  hy  the  square  of  3',  or  a  little  more  [lof^s]  than  80  [40]  feet : 
the  rnail  must,  therefore,  he  ])erp''nflicular  to  the  direction  of  a  line  drawn 
to  it  from  n  point  80  [40]  feet  above  the  centre  of  the  riut,' ;  and  it« 
external  circumference  must  be  higher  than  its  iuteriuU  circumference  by 
one  fourth  £half3  of  its  breadth.  It  would,  however,  be  improper  to  have 
a  road  of  this  Ibrm  in  a  manege,  since  the  horse  must  be  toug^t  to  perform 
all  ids  evolutions  on  a  perfect  plane. 

There  is  a  general  principle  of  curvilinear  motion,  which  Is  in  itaelf  of 

*  Eokr  en  a  Botaloiy  Fendalom,  Acta  Fair.  1780,  pp.  133, 16i. 
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little  importance  or  practical  utility,  but  whidi  so  &r  deeerres  to  be 
noticed^  m  it  luui  been  m^^ified  by  Bome  philosophen  into  a  fnndaamttl 
Ibw  of  iiAtaK.  Anong  aH  the  enme  that »  body  ca&  deeciibc^  in  moviqg 
from  one  point  to  enother,  it  alwrnyw  aeleoti  thati  in  wbich,  if  its  vetoeUy 
be  tttppoaed  to  lie  ereiywhere  multiplied  by  the  distance  that  it  deflcribe% 
the  sum  ol  the  infinitely  small  products  will  be  a  minmnun,  that  is,  leas 
than  in  nny  other  path  tluit  the  hody  con1(i  tal-rp,  F«»r  oxatripU  ,  if  a  hody 
move  freely,  and  therefore  with  a  nnif  rm  \  (  locity,  in  any  regiil  ir  curved 
surface,  it  will  pass  from  one  part  of  tlu  nuriace  to  another  by  the  sliurtest 
possible  path.  This  has  heen  caiied  tlie  principle  of  the  least  posi^lble 
action  ;  it  is,  however,  uierdy  a  mathematical  inlerenoe  from  the  simpler 
bws  of  notion,  and  if  Ibose  laws  wees  eten  dlAnnt  from  what  Ihej  aie^ 
the  principle  would  be  true  in  another  fonii,  and  in  another  aense  of  the 
wordadko.* 
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ON  THE  MOTIONS  OF  SIMPLE  MASSES. 

HiTUBBTO  we  have  eooflidered  the  motions  of  one  er  move  eingle  pointe 
or  atoms  on1y,withont  eny  i^ard  to  the  bulk  or  mas<<  of  a  movcuble  bodj: 
bni  it  now  faeoomes  neoemuy  toettoiul  eko  to  the  difietenoe  of  the  mmm 

•  See  p.  16.  Consult  alao  Aupire  ear  rApplieation  da  Cilcnl  doi  YariaSioBs 
mu  Ptvp.  de       dlo,  Par.  1688. 
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of  bodiM  in  molMB*  '  TUi  nay;  hammr  bt  4m»,  witluiiil  ^miiMag  iba 
Mtmd  magnitude  or  ntent  of  the  body*  We  may  easily  conoeive  diffenoi 
maases  or  bulks  to  be  (^iM^ntrated  in  a  malhamatical  point ;  and  it  is  moat 

convenient  to  define  a  moveahle  body,  as  a  moveable  point  or  particle  com- 
]>oHt  il  uf  other  cleinentnrv  particles,  differin]Lf  only  in  number,  and  fcbua 
lon^tLtuting  the  pii»poi  iionally  different  mass  or  bulk  of  the  body. 

Although  in  uur  exp«riiueutb  ou  mutiuu  we  are  obliged  to  Imve  recoursa 
to  iMlaiial  badiai^  and  aJthoqgh  such  bodies  difi«r  considerably  fzom  fUa 
dafinition  af  a  anigia  mavaabla  body,  yet  they  aam  aaffieiaitlj  wall  to 
lafsaiaiit  aoah  bodiaa^  aipaaially  wbaa  thay  an  ntatt  and  Tqfiikdj  framed; 
•nd  we  are  here  conBidoring  tha  daalrina  ol  miHiftn  laihar  in  a  mathe* 
matwial  than  in  a  phyakial  senae ;  so  that  «a  aia  aUa  to  n^g^aet  all  anch 
properties  of  matter  as  are  not  immediately  necessary  to  our  purpose.  In- 
«!ee<l  thouu'h  t)ir  ^n  iicrHl  pri>perti^  of  matter  are  usnally  plarcd  at  the 
entrance  of  i  lnaentary  work.s  on  mechanics,  it  has  ytt  been  found 
necessary  to  omit  the  consideraiiuu  of  their  effects,  in  examining  the  lawa 
and  affections  of  motion.  The  forces  of  cohesion  and  repulsion,  for  exam- 
ple, act,  in  general,  in  a  my  oompliealad  nuumar,  in  almoai  all  caaaa  af 
Iha  eammoniaation  of  motion ;  Imt  to  aonaidar  thaaa  <q^emtioiia  minutely 
in  tvaating  of  colliaioBy  would  ba  to  inviolva  tha  an^jeet  in  very  great 
and  Toiy  mmaeeaaaiy  difficnttiea ;  and  tha  oomplate  investigation  of  these 
properties  of  matter  would  require  the  employment  of  various  branches  of 
iiHTbanical  and  hydrodynamical  science.  We  may  theref<>re  tnkf  a  much 
f^mij  lcr  course,  by  deferring  entirely  all  theoretical  conflideratiou  of  actual 
niaLLer  i  but  in  the  mean  tijne  we  must  liave,  for  our  experimental  illustra- 
tions, Home  measure  of  the  mohs  or  Imlk  a^j  liere  dehued.  \Xe  luight  employ 
apkariaal  botiai^  aompoaad  only  of  homogeneous  anbatanees^  that  is,  of  aab- 
ataneaa  of  tha  aama  land,  and  wa  might  eattmato  tha  maas  by  lha  aompaia- 
tira  magnitnda^  imagining  all  tha  fmrtidaa  cf  aaoh  aphara  to  ba  nnited  in 
its  aantn.  Bat  it  Is  more  oonvaniant  to  antioipate,  from  the  gravitation  oi 
matter,  a  measure  of  the  mass  derived  from  the  weight :  since  it  can  be 
proved  that  the  weijjht  of  a  body  is  prop'Ttional  to  its  absolute  quantity  of 
matter,  supposinir  all  matter  to  bo  alikp  in  it  -  afFectiouH  relative  to  motion. 
So  that  instead  of  nunib»M  inir  t!u»  pHi  tii  ii^  i  rarh  liody,  the  same  purpose 
is  answered  by  determining  their  comparative  weight. 

Inertia,  or  a  tendency  to  peraevere  in  a  state  of  leat.  Of  of  nniform  reeti* 
linearnMitioii,  is  a  property  attaehad  toaU  matter,  and  may  ba  aooaidared 
aaproportional  totliamaaB  or  waigfatof  a  body.  Whan  tha  motiona  of  a 
ayatam  of  bodies  are  oonsidered,  thnr  inertia  may  in  some  respects  be 
nferred  to  a  single  point,  which  is  called  the  centre  of  inertia.  [See  tha 
next  parapraph.*]  The  centre  of  inertia  of  two  bodies  ih  that  ])oint,  in  the 
rit'ht  line  joining  them,  which  divides  it  into  two  such  portions,  that  the 
oTip  is  to  tlie  other  as  the  mass  of  the  remoter  body  to  (hat  of  the  adjjuseut 
liody.  For  instance,  if  one  body  weighs  a  pound,  and  another  two  pounds, 
and  their  distuice  is  a  yard,  then  the  centre  of  inertia  b  at  the  distance  of 
two  ieet  from  tha  amalkr  body,  and  one  foot  from  the  larger:  and  the  dia- 
tanoa  of  each  ia  to  tha  whole  dietaniTi  aa  tha  weight  of  tha  other  to  tha 
who]*  weight  Alao  the  prodneto  obtained  by  multiplying  each  weight  by 
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its  dUtaDoe  no  equal :  thw  two  nndtlplM  by  one  is  oqiuil  to  om  mnllU 

plied  by  two.  (Plate  U.  Fig.  29.) 

This  point  is  most  commonly  called  the  centre  of  gravity ;  it  has  also 
sometimes  been  denominated  the  centrf  nf  ])09ition.  Since  it  has  many 
properties  independent  of  the  considenition  of  gravity,  it  mipht  not  to  derive 
its  name  from  i,n-av  itatian,  [but  as  custom  haa  familiarized  th«  tenoj  we 
deem  it  l»etter  to  retain  it.] 

The  centre  of  inertia  [gruvlty  ]  uf  any  two  bodies  initially  at  rest,  remuns 
at  ns^  notwitiukandisg  any  reciprocal  action  of  the  bodies ;  that  is,  not- 
withstanding any  action  whieh  aJfteta  the  single  paxtidfls  of  both  equally, 
in  increasing  or  diminiabiqg  their  distanee.  For  it  may  be  diown,  ftaok 
the  principles  of  the  oomposition  of  motaon,  that  any  fiiioe^  actbg  in  this 
manner^  will  cause  each  of  the  two  bodies  to  describe  a  qiaoe  proportionat 
to  the  magnitude  of  tibe  other  body  :  thus  a  body  of  one  pound  will  move 
througli  a  space  twice  ns  sreat  ns  a  body  of  two  pounds  weight,  and  the 
remuininy-  parts  of  the  oriirinal  distance  will  still  he  divided  in  the  same 
pro|)(  rtinii  by  the  orif^inal  eentre  of  inertia  [gravity],  which  therefore  still 
remains  tlie  centre  of  inertia  [gravity],  and  is  at  rest.  And  it  follows  also, 
that  if  the  centre  of  inertia  [gravity]  is  at  first  in  motion,  its  motion  will 
not  be  aflfocted  by  any  rec  iprocal  action  of  the  bodies. 

This  important  proper^  is  veiy  eapabk  of  experimental  illnstiation; 
first  obeerring,  that  all  known  forces  are  reciprocal,  and  among  the  rest  the 
action  of  a  spring ;  we  place  two  unequal  bodies  m  as  to  be  separated  when 
a  spring  is  set  at  liberty,  and  we  find  tliat  they  describe,  in  any  g^ven 
interval  of  time,  distances  which  are  inversely  as  their  weights ;  and 
that  conse(]uently  tlie  jtlace  of  tlie  centre  of  inertia  [gravity]  remains  un- 
altered. They  may  either  he  made  to  float  on  water,  or  may  lie  suspended 
by  long  threads ;  tlie  spring  may  be  detached  by  burning  a  tliread  tliat 
confines  it,  and  it  may  be  observe  whether  or  no  they  strike  at  the  same 
instant  two  obstacles,  placed  at  sadi  distancea  aa  the  theory  requires ;  or  if 
they  are  so^ended  as  pendnlnms,  the  ares  which  thqr  deecribe  may  1m 
measured,  the  velocities  bsing  always  nearly  proportional  to  these  arcs,  and 
accurately  so  to  their  chords.  (Plate  II.  Fig.  dO.) 

The  same  might  also  he  shown  of  attraetiTe  as  well  as  of  repulsive  foroee. 
For  ifistance,  if  we  placed  ourselves  in  a  small  boat,  and  ]nilled  a  rope  tied 
to  a  much  lai-ger  one,  we  sliould  draw  ourselves  towards  the  Ifirrre  boat  with 
a  motion  as  much  more  rapid  than  that  of  the  large  boat,  a»  its  weight  is 
greater  than  that  of  our  own  boat ;  and  the  two  boata  would  meet  in  their 
common  centre  of  inertia  [gravity],  supposing  the  reeistanoe  of  th^  water 
Inconriderable. 

Having  established  this  property  of  the  centre  of  Inertia  [gravity]  ss  a 
law  of  motion,  ws  may  derive  from  it  the  tme  estimate  of  the  qnantity  of 

motion  in  different  bodies,  in  a  much  more  satisisctory  manner  than  it  haa 
usually  been  explained*  For  since  the  same  reciprocal  action  produces,  in 

a  body  weighing  two  pounds,  only  half  the  velocity  that  it  j)riHiuces  in 
a  body  weigliing  one  pound,  the  cause  being  the  same,  the  effects  must  be 
considered  eijual,  and  the  quantity  of  motion  must  always  he  measured 
by  the  joint  ratio  of  mass  to  mass,  aud  velocity  to  velocity  j  tiiat  is,  by  the 
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latio  of  the  products,  obtained  by  multiplying  the  weight  of  each  body 
by  the  number  expressiDg  its  yelc^ty ;  and  thete  ptodnda  an  called 
tUe  nMnoMnta  of  the  bodies.  We  appear  ta  have  deduced  thie  meaanie  of 
motioii  from  the  moat  vnezoepiiooable  axgnmenti^  and  we  shall  hate  occ^ 
cMHi  to  apply  the  nMniMntam  thna  eetfanalad  aa  a  tm  meaioxe  of  force ;  at 
the  aeme  thne  that  we  allow  the  piaetical  importance  of  oondkleringt  in 
many  cases,  the  efficacy  of  forces,  according  to  another  criteiion,  when  we 
multiply  the  mkH»  hy  the  square  of  the  velocity,  in  order  to  detennino  tho 
energy:  yet  tho  tr.jr  <pinntitr  of  motion,  or  momentum,  of  any  body,  is 
always  to  he  understood  as  the  product  of  its  mass  into  its  velocity.  Thus 
a  bo*iy  weighing  one  pound,  movinsr  with  the  velocity  of  a  hundred  feet  iu 
a  second,  has  the  same  momentum  aud  the  same  quantity  of  motion  aa  a 
body  cf  ten  poimd^  moring  ai  the  vale  of  ten  feet  In  a  leeond. 

We  may  alio  demonetiate  e9E]MnantaUy,  hy  meana  cf  Mr.  Atirood'a 
maoUaa  [Plate  I*  Fig.  11],  that  the  lame  momantam  b  genaiaied,  in  « 
given  time,  by  the  same  |)reponderatfailg  force,  wliaterer  may  be  the  quan- 
tity of  matter  mored.  Thus,  if  the  preponderating  weight  be  one  sixteenth 
of  the  whole  -weic^ht  of  the  boxes,  it  will  fall  one  foot  in  a  second  insti?HJ  of 
16,  and  a  velocity  of  two  feet  will  be  acquired  by  the  whole  mas^*,  instead 
of  a  velocity  of  32  feet,  which  tlie  preponderating  weight  al«me  would  have 
acijuired.  And  when  we  compare  the  ceutrifupal  forces  of  bodies  revolving 
ill  the  same  time  at  different  dit>tauces  from  the  centre  of  motion,  we  iind 
that  a  greaiter  qnantity  of  mailter  compenaatea  for  a  amaller  force ;  ao  thai 
two  baDs  eonneetad  hy  a  wire,  with  Hbeiiy  to  eHda  either  way,  yi^JI  retain 
eadi  other  in  their  respective  aitnaticaa  when  their  eommon  centre  of 
inertia  [gravity]  oeinctdBB  with  the  onftre  of  motion ;  the  centrifugal  force 
ef  each  particle  of  the  one  being  as  nrach  greater  than  that  of  an  equal 
|»rticle  of  the  other,  as  its  weight  or  the  number  of  the  particles  is  smaller. 

Btit  it  i"^  TKit  rnnuirh  to  determine  the  centre  of  inertia  [irravity^  of  two 
boilii^  (Tily.  (oiiviil*  i\d  as  single  points;  Bince  in  peneral  a  much  greater 
number  of  points  is  concerned  :  \vt  muHt  tht  i  efure  detine  the  sense  in  which 
the  term  is  in  this  case  to  be  applied.  We  proceed  by  considering  the  first 
and  eeoond  of  three  or  more  bodlee^  aa  a  aingle  body  equal  to  both  of  them, 
and  placed  in  their  coounon  ceotie  of  inertia  [gravity] ;  detemiuittg  the 
oetttie  of  inertia  [gfavity]  of  thia  imaginary  body  and  the  third  body,  and 
oonttnuii^  a  similar  process  for  all  the  bwiies  of  the  system.  And  it 
matters  not  with  which  of  the  bodies  we  b^^  the  operation,  for  it  may  be 
demonstrated  that  the  point  thus  found  will  be  the  sfuno  by  whatever  steps 
it  be  fletermined.  When  we  come  to  consider  the  properties  of  the  same 
point  as  the  centre  of  gravity  [weight]  we  shall  be  able  to  jjroduce  an  ex- 
perimental proof  of  this  assertion,  dnce  it  will  be  found  tliat  there  is  only 
one  point  in  any  system  of  bodies  which  posse^bes  these  properties.  (X'kte 

llLFig.di.) 

We  may  alwaya  rcpreecnt  tlia  motion  of  the  centre  of  inertia  [giavHy] 
of  a  qrrtem  of  moving  bodiei^  by  anpponng  their  mmaee  to  be  noited  into 
one  body,  and  this  body  to  receive  at  once  a  momentom  oqnal  to  that  of 
each  1)ody  of  the  syatem,  in  a  direction  parallel  to  ita  motion.  This  may 
often  be  the  most  oonvanientiy  dona  by  referrii^  all  the  motiouB  of  thia 
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itnaginary  body  to  three  givok  &tml&0O9,  sad  eollBeting  all  the  reaultA  into 
three  eniiu,  whicli  will  rcpreeont  the  motioB  of  the  oontre  of  inertift 
[^Tity]  of  the  BytUmu 

We  have  already  premppoied  this  propodtum^  when  we  hftTe  omplogred 
material  bodies  of  finite  magnitade,  that  is,  BjeUnns  of  material  atoms,  to 
represent  imaginary  bodies  of  the  same  weight  condensed  into  their  centres ; 
an'l  it  now  appears  that  the  velfx  ity  and  direction  of  the  motion'^  of  »uch 
bodies  wo  have  emjiloyed,  ai^K  i  j u  orisoly  with  those  of  our  imaginary 
material  pumls.  We  cannot  attempt  to  coutinn  this  law  by  experiment, 
because  the  deductions  from  the  sensible  consequences  of  an  experiment 
would  require  nearly  the  same  prooeiees  aa  the  mathematieal  ^mooatiatloii. 

It  ia  obviona  that  tho  veaolt  of  any  nnmbar  of  mMom,  aad  ledilinaair 
motions  tfana  collected,  most  alao  be  a  nniform  and  rectilinear  motioib 
TheeenCre  of  inertia  [gravity]  of  n  ayaCem  of  bodiea  moving  without  dia- 
turbance,  ii^  therefore,  either  at  rest,  or  moving  equ  aM y  in  a  right  line. 

The  mass,  or  weight,  of  each  of  any  number  of  bodies,  being  mnltiplMd 
by  its  distance  from  a  given  plane,  the  product?,  collected  into  one  som, 
will  be  equal  to  the  whole  weipht  of  the  system,  multiplied  by  the  distance 
of  the  common  centre  of  inertia  [srravity]  from  tiie  same  plane.  And  the 
proportion  will  be  equally  true,  if,  instead  of  the  shurtetit  dii»tauc<»i,  w« 
aabadtnte  tiie  dietances  from  the  same  phune,  meaenred  ol^qnely,  in  any 
directiona  always  parallel  to  eadi  oflier*  This  property  is  peculiarly  appli- 
cable to  theoonaideration  of  the  centre  of  gravity  [weight],  and  affinda  alao 
the  teadiaBtmeana  of  detennining  ita  place  in  Iwdiae  of  oomplioaied  fonuk 
(Plate  in.  Fig.  32.) 

We  have  already  seen  that  the  place  of  the  centre  of  inertia  [gravity]  of 
two  hodic-  i«  not  affected  ])y  any  reciprocal  action  hetween  them  ;  an<i  the 
pfunr  i«  ti  iic  of  tlie  actions  of  a  system  of  three  or  more  bodies.  \N  s  might 
ea.'iily  apply  our  ex])eriment  on  the  reciprocal  artion  nf  two  iMj  lics  to  a 
greater  number,  but  wc  should  throw  no  lurilier  light  on  the  subject,  and 
the  mode  of  obtaining  the  conclusion  would  be  somewhat  complicated. 

All  the  foreea  in  natun^  with  which  wa  are  acq[naintedt  act  reeipvoealty 
between  difleient  maeaea  of  matter,  so  that  any  two  bodiea  repelling  or  «U 
tracting  each  other,  are  made  to  leoedc  or  approach  with  eqnal  moment»i 
Thia  ciicamatance  ia  generally  expreaaed  by  the  third  Inw  of  motion,  thai 
action  and  reaction  are  equal.  There  would  be  sorae&ing  peculiar,  and 
almost  inconceivable,  in  a  force  which  could  afftct  unequally  the  similar 
pfirtirlf"?  of  matter;  or  in  the  particles  tbppi'^elvp<t,  if  they  could  be  pos- 
sessed of  such  different  degrees  of  mobility  as  to  be  e<jually  moveable  with 
reapect  to  one  force,  and  tmequally  with  respect  to  another.  For  instance, 
a  magnet  and  a  piece  of  iron,  each  weighing  a  pound,  will  remain  in  equi- 
librium wlien  their  weights  are  oppoeed  to  each  otiber  by  moaiia  of  n 
balance ;  they  will  be  eeparated  with  eqnal  Yelociftiei^  if  impelled  by  the 
unbending  of  a  apring  placed  between  them,  and  it  ia  difienh  to  oonceiTC 
that  th^  ahonid  npproadi  each  other  with  nneqoal  velocities  in  consequence 
of  magnetic  attraction,  or  of  any  other  natural  force.  The  reciprocality  of 
force  is  therefore  a  necef^sary  law  in  the  matlicmatical  consideration  of 
mechanice^  and  it  ia  also  perfectly  warranted  by  experience.   The  oontrary 
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nipforitiitt  is  m  Ugfaly  improbable,  Uial  the  principle  may  abnoet  aa 
jiaUy  be  tinned  *  aeeMierjr  axfon,  ea  «  phenomemm  coBeeted  fgom 
obeervelioa. 

Sir  Inee  Newten*  lAmrvmtiR^mihaidUw  cimB/Aon^i^  ^feeettoi 
is  elwiiTB  contraij  Mid  equal  to  action,  or,  iJiei  the  mutual  eetkme  of  two 
bodies  are  always  equal,  and  dbeoted  eontrary  ways."    lie  jpneeeds^  **i£ 

any  body  draws  or  presses  another,  it  is  itwelf  iis  much  drawn  or  pressed. 
If  any  one  pres!«"»  a  ^Unw  with  his  finjftT,  his  finger  irt  alno  |irf'S"-€d  by  the 
stone.  If  a  liorse  is  drawiiiLr  ,i  weight  to  a  rope,  tin  lini?*t;  is  also 
equally  drawn  backwards  towards  the  weight:  for  the  rope,  heing  dis- 
tended Uiruughout,  wiU,  in  the  same  endeavour  to  contract,  ui^  the  horse 
tewavds  tbe  wd^t  and  the  weight  tewaids  the  hmse^  sad  will  impede  the 
pNgnsseftheoiiesemachssitpraiDotestheadvaiiceof  theether.**  Now 
sUhovgh  Newton  has  always  spj^ied  this  law  in  the  most  iwexoeptioiialila 
manner,  yet  it  must  be  onnCaeiied  that  the  illustialions  here  quoted  are 
clothed  in  such  language  as  to  have  too  rnoeh  the  appearanee  ot  paradox. 
When  we  say  that  a  thinp  presses  another,  we  commonly  mean,  that  tbo 
tiling  pres'^in^'  htx:^  a  tendency  to  move  fnrn'nrr!s  into  t!ie  place  of  the  thing 
pressed,  but  the  stone  would  not  h  iisil  ly  adv.mcr  into  the  place  of  the 
finger,  if  it  were  removed  ;  and  iu  die  bame  luauner  we  nnderHtand  tliat  & 
thing  pulling  another  has  a  tendency  to  recede  furtlier  from  the  thing 
pnlleidly  and  to  diaw  thia  alter  it ;  but  it  is  obfions  that  the  wei^  whieii 
the  hone  is  drawing  would  not  ntam  towards  its  first  litaayeiiy  with  thQ 
hone  in  its  trsin,  althoogh  the  exertion  ct  the  hone  should  entiidy  cease  ; 
in  these  senses  theref<^  we  eeonot  say  that  the  stone  press^,  or  that  the 
w«^t  pulls,  and  we  have  no  reason  to  ofiend  the  just  prejudices  of  a  be> 
piiner,  by  introihicing  pamdoxical  expressions  without  necessity.  Yet  it  is 
true  in  both  cases,  tliat  if  all  friction  and  all  connexion  with  the  surround- 
ing bodies  could  be  instant  a  neouakly  destroyed,  the  point  of  tlie  finger  and 
the  iituue  would  recede  fruni  each  other,  and  tlie  hort>e  and  the  weight  would 
approach  each  other  wi^  e^ual  quantities  of  motion.  And  Uiis  ia  what  we 
mesA  bjtlie  redproeality  of  foreei^  or  the  equality  of  actioiiaBd  reaotion. 

The  qnantity  of  action  of  two  attnctiTe  or  repulsive  bodiee  on  eaeh 
other  is  partly  dependent  on  their  magnitude.  Wlm  the  bodies  are  of  the 
esme  kind,  their  mutual  action  is  in  the  compound  ratio  of  their  bulks  ; 
that  is,  in  the  ratio  of  tiie  prbducts  of  the  numbers  expressing  their  bulks. 
For  instance,  if  twn  l  o  lieii,  each  containing  a  cubic  inch  of  matter,  attract 
or  repol  each  otlu  r  v.  iiii  a  force  of  a  i^'raiu,  and  therf  be  two  (ttlicr  !»o<i!eM, 
the  one  containing  two  inches*,  the  other  ten,  of  tiie  sanie  uiaiUr,  then  tlie 
mutual  attraction  or  repulsion  of  these  will  be  expressed  by  twenty  grains ; 
for  each  of  the  10  inches  is  attracted  by  each  of  the  two  with  a  force  of  a 
gram*  And  the  mutual  aefiion  of  3  and  10  will  be  90,  of  4  and  10, 40 ;  so 
that  when  one  of  tlie  bodies  nmains  the  same^  the  atfecsctioa  wiU  be 
eimply  as  the  bulk  of  the  other.  Hence  tlie  quantity  of  matter,  in  eveiy 
body  enrrounduig  us,  is  considered  as  proportional  to  its  weight ;  for  it  ia 
infeired  from  experiment  that  all  material  bodies  are  equally  subject  to  the 
power  of  gravitation  towards  the  earth,  and  are,  in  respect  to  this  foroc^  of 

•  PfiBcipM.  lib.  I. 
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the  tame  kinil.  For  tiie  apfMucent  difference  in  the  Telodty  with  whielt 
cUflerent  flnbetnaees  fell  throogh  the  atmoepheze^  is  only  owing  to  the 

lesiKtance  of  the  eir,  as  is  sometiineB  diown  by  an  eiqperiment  on  a  feather 
md  «  pieee  of  gold  falling  in  the  vacuum  of  an  air  pump  ;  but  the  true 
cause  wa,«i  known  lon"^  before  the  invention  of  this  inachin^  and  it  ia  dis- 
tinctly explained  in  the  second  book  of  T.ucrf'tius  : 
*'  III  \v  iter  or  in  ?Mr  when  wrighti*  descend, 

The  heavier  weights  more  swiftly  Uownwardt  tend. 

The  Itnpid  mms,  the  galw  that  geatl|r  play, 

Yield  to  the  ira^^iticr  BMM  a  mdiermj. 

Bat  if  the  nei^ili  in  empty  spare  should  fall, 

One  common  awiftncaa  we  slioald  find  in  elL" 

We  are  therefore  to  anppoae^  that  the  diffiurent  wdg^ta  of  equal  bulks  of 
different  substances  depend  merely  on  ihr  -rt^iter  or  leas  number  of  parti- 
cles contained  in  a  given  space,  independently  of  any  other  characters  thnt 
may  constitute  the  specific  differences  of  those  siib«t;uiees. 

In  some  cases  it  is  necessary  to  consider  tlie  huio  uf  the  nni-sses  of  two 
bodies,  iu  order  to  estimate  their  mutual  action  ;  tliut  is,  when  we  wish  to 
know  the  whole  relative  motion  of  two  bodies  with  respect  to  each  otlier  ; 
f(»r  here  we  mnat  add  togetiier  their  single  motione  with  respect  to  the 
eentre  of  inertia  [gravity],  whidi  are  inTenely  in  the  same  ratio.  This 
eonnderatien  is  sometimea  of  nae  in  detennining  the  action  of  the  sun  on 
the  several  planets. 

If  two  bodies  act  on  each  other  witih  forces  proportional  to  any  power  of 
their  distance,  for  instance  to  the  square  or  the  cube  of  the  distance,  the 
forces  will  alscj  lie  proportional  to  the  same  power  of  either  of  their  dif*- 
tances  from  their  common  centre  of  inertia  [irravity],  Thu»,  in  the 
planetary  motions,  when. one  l>otly  j)orf(>rms  a  revolution  by  means  of  the 
attractive  foix-e  of  another,  this  other  cannot  remain  absolutely  at  rest ;  but 
beonuee  it  ia  more  convenient  to  determine  the  efiect  of  the  attraction  as 
directed  to  a  fixed  point,  we  consider  the  force  as  redding  in  the  oommon 
centre  of  inertia  (jgravity]  of  the  two  bodies,  whicb  lemalnsat  roet,  as  fiuraa 
the  mntnal  actions  of  thoae  bodies  only  are  concerned,  and  it  may  1»e  ahown, 
that  the  force  diminiahca  as  the  square  of  the  distance  of  the  bodies,  either 
from  tiiia  point  or  from  each  other,  increases.  The  reciprocal  forces  of  two 
bodies  may  therefore  be  considered  as  tending  to  or  from  their  common 
centre  of  inertia  [gravity]  as  a  fixed  ]>oint ;  but  it  often  happens  that  the 
difference  of  magnitude  being  very  great,  the  motion  of  one  of  the  bodies 
may  be  disregarded.  Thus  we  usually  neglect  the  motion  of  the  sun,  in 
treating  of  the  planetary  motions  produced  by  hia  attraction,  although,  by 
meana  of  rery  nice  observationsi  this  motion  beoomca  sensible.  But  it  is 
utterly  beyond  the  power  of  onr  senses  to  disoorar  the  rcdprocal  motion  cf 
the  ewth  produced  by  any  terreetrial  canae,  even  by  the  most  copious  erup- 
tion of  a  volcano^  although,  speaking  m&thematioilly,  we  cannot  deny  that 
whenever  a  cannon  ball  is  fired  vii'^n  ards,  the  whole  glol>e  must  suffer  a 
minute  th  pression  in  its  course.  The  boast  of  Archimedes  was  therefore 
accompanied  by  an  unnecessarv'  condition:  "give  Tne,"  «;nd  he,  "but  a 
firm  support)  and  i  will  move  the  earth     but,  granting  liiiu  his  support. 
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bft  eonia  only  have  (fiepbetd  tlM  oath  Inwiullily  bytli*  pngaUti  of  his 

machines  ;  and  withoat  any  sucli  support,  when  he  threw  rooks  upon  the 
ships  of  MarceUus,  he  actually  caused  the  walla  of  Syraeuse  and  tlie  island 
of  Sicily  to  move  nni  t  luvards,  with  n*^  much  ^noinentom  08  COOiod  ilis  pnH 
jectiies  southwardti  against  tho  Boman  anuaments. 
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ON  FRBSSURB  AND  EQUIUfiRIUM* 

Ws  hm  now  examioed  the  pxindpol  eaaeo  iu  which  o  mmple  force  is 
employed  in  the  production  motion ;  it  is  of  equal  eon.scquence  to  attend 
to  the  opposition  of  forccfl,  where  they  prevent  each  other's  action.  A 
force  counteracted  by  another  force,  bo  that  iio  motion  is  prodiRCM],  hoconies 
a  pressure :  thus  we  continually  exert  a  jin  Ksuro,  hy  means  of  our  wt-iirht, 
upon  the  ground  on  wiruh  wc  stand,  the  scat  on  which  we  sit,  ami  the  bed 
on  wliich  we  sleep  ;  but  at  the  instant  when  we  are  falling  or  leaping,  we 
neither  exert  nor  experience  a  pressure  on  any  part. 

It  was  very  truly  asserted  by  the  andcnts^  timt  prsssure  and  motion  are 
absolutely  incommensurable  as  effects;  for  acoorduig  to  the  d^nition  of 
pressure  tfa«  force  appears  to  be  what  is  called  in  logic  a  potential  cause, 
which  is  not  in  a  state  of  activity :  and  since  an  interval  of  time  must  dapse 
after  the  removal  of  the  opposite  force,  before  the  first  force  can  hare 
caused  any  actual  motion,  this  effect  of  a  finite  time  cannot  with  justice  be 
conceived  to  bear  any  proportion  to  the  pressure,  which  is  as  it  were  a 
n.'iscent  efi'ect  only.  It  is  true  tliat  a  lari^e  weight  pressing  on  a  sj^ring, 
nuiy  keep  it  beiit,  in  exactly  the  same  place  into  which  a  smaller  weight, 
fulling  on  it  wilii  a  certain  velocity,  would  inflect  it :  but,  to  retain  a 
spring  in  a  certain  position,  and  to  bend  it  into  that  pomtion,  are  eft'CNSts 
absolutely  inoommenauraUe ;  the  one  bnng  a  measure  of  the  constant 
repulitve  force  cl  the  spring,  bent  to  a  certain  pmnt,  the  other  of  tile  sum  of 
the  effects  of  the  same  spring  in  rarious  degrees  of  flexure^  for  a  certain 
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Iim«.  HiiMB  ills  mulM  pOHQib  monNOtmi  it  aaU  to  be  mon  thta 
eqiifralMii  lo  the  gmtest  possible  pressure :  a  toj  figbt  weight,  fallinf 
from  a  rery  mionto  diltsnce,  will  force  back  a  very  strong  spring,  although 
often  through  nn  imperceptiMe  space  only.  But  the  impulse  of  a  stream  of 
infinitely  small  partidcB,  like  those  of  which  a  fluid  is  mipposed  to  coniiiai, 
striking'  an  ohtjtacle  in  a  constant  succi-Hsion,  may  be  counteracted  by  A 
certain  pret^^ure,  without  producing  anj  huite  motion. 

Nothii^  however,  foriiidi  oa  to  compare  two  preseures,  by  con^dering 
the  initial  motions  which  they  would  produce,  if  the  opposition  were 
lenmad;  noristlMrauj diffieolfy iaezleBdiiigtiMUivscf ^ 
tioB  of  modon  to  the  eompositioa  of  prestnm.  For  oniso  we  mewore 
forces  by  the  motions  which  they  produce,  it  is  obviouB  that  the  compo^ 
tion  of  forces  is  inrhidod  in  the  doctrine  of  the  composition  of  motione; 
and  when  we  combine  three  forces  accnrdiiijr  to  the  Ia\rs  of  motion,  there 
can  be  no  question  but  that  the  resulting  motion  is  truly  deteruuned  in  M 
cases,  whatever  may  be  its  magnitude  ;  nor  can  any  rt^sou  W  piveu  why 
it  should  be  otherwise,  when  this  motion  is  evanescent,  and  the  force 
becomes  a  presbure.  The  case  is  similar  to  that  of  a  fraction,  which  may 
stall  retain  a  ml  valiie,  whea  both  its  numerator  and  denominator  beooioe 
Icee  tiiaa  any  aaeignable  quantity.  Some  autbon  on  mechaniov  ud 
indeed  the  most  eminent,  Bernoulli,*  Dalembert,t  and  Laplace,|  hare 
deduced  the  laws  of  pressure  more  immediately  from  the  principle  of  the 
equality  of  the  effects  of  equal  causes ;  and  the  demonstration  may  be 
found,  in  an  improved  form,  in  the  article  Dynamics  of  the  Supj)lcment 
of  the  Encyclopaadia  Britannica ;  but  its  itqw  are  still  tedious  and  intri- 
cate. 

We  are,  therefore,  to  consider  tlie  momentum  or  quantity  of  motion 
which  would  be  produced  by  any  force  iu  action,  as  the  measure  of  the 
jneamn  occasioned  by  it  when  opposed  ;  and  to  undmtand  by  equal  or  pro-  • 
portionate  preesnresy  such  as  are  produced  by  forces  which  would  genccate 
equal  ov  proportionate  momenta  in  a  given  time.  And  it  may  be  infSnrred 
that  two  contrary  preesores  will  balance  each  other,  idien  tiie  momenta 
which  the  forces  would  aeparatdly  produce  in  contnuy  directions,  are 
equal ;  and  that  any  one  pressure  will  counterbalance  two  others,  when  it 
would  produce  a  nioincntum  equal  and  contrary  to  the  momentum  which 
would  i)e  derived  from  Uie  j  nnt  result  of  the  other  forces.  For,  supposins: 
each  [either]  of  two  forceij  opposed  to  each  other  to  act  for  an  instant,  and  to 
remain  inactive  for  the  next  equal  instant  while  Uie  otlier  force  is  exerted. 
It  b  obdoua  that  these  effects  will  neutralise  eadi  other,  ao  that  lSb»  body 
on  whidi  lliey  are  auppceed  to  operate  will  retain  He  situation ;  but  anch 
an  action  ia  preeiaely  half  of  the  continued  action  of  each  force ;  conse- 
quently, irince  the  halyea  completdy  counteract  each  other,  the  wholes  will 
do  the  same.  And  a  similar  mode  of  reasoning  may  be.  extended  to  ai^ 
number  of  forces  opposed  to  each  otlmr. 

*  Com.  Petrop.  I.  126. 

t  On  the  Principles  of  Medbamcs,  Uistet  Mem.  de  I'Acad.  1769,  p.  278,  and 
Opuoda,  I.  sndvi. 

t  M^eudqpM  Cderte.  Sse  ahM»  Celestial  MeebSBica  of  Lsflaee  (by  Tooni). 
p.  87. 
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II  Mlows  IkvBi  llbB  1ft W8  of  tliA  oompOiHIoii  of  motion,  that  the  result  of 

two  pressxires,  expressed  by  the  sides  of  n  parallelogram,  will  bo  Mpto> 
senk'd  by  its  diagonal,*  and  that,  if  a  body  remain  at  rest  hy  means  of 
three  presdures,  they  must  he  related  to  enh  oUier  in  niajrnitude  as  the 
sides  of  a  triangle  parallel  to  their  directions.  Thia  may  he  very  com- 
pletely shown  by  experunent.  We  atUuh  thr^  weights  to  ai>  many 
tiireada,  united  in  one  point,  and  passing  orer  three  pullies ;  thw  by 
dnwing  any  triangle,  of  whkli  tlio  iidoB  OM  in  tbe  diioetions  of  tfao 
flimdfl^  or  in  ponlld  direetionfl^  we  may  ahrays  cxpTMS  the  nugnitodo  of 
oadi  woii^t  by^the  length  of  tho  ndo  of  tfio  trianglo  ooficqwudtng  to  ilt 
thread.   (Plate  III.  Fig.  33.) 

The  most  import^int  of  the  problems  rolatinj^  to  ei|uili])rinm  are  such  aa 
concern  the  machines  v.  hicli  jire  usually  callrfl  riK^chanicfil  jxjwers.  We  are 
not.,  however,  to  enter  at  present  into  all  tlie  projieities  and  uses  of  these 
znaci lines  ;  we  have  at  first  only  to  examine  them  in  a  state  of  rest,»iuc€  the 
determination  of  their  motion  require  additional  confflderaUons,  and  their 
afflicatkm  to  praetioe  bdongi  to  aaotlMr  eabdMrion  of  our  rabjeet, 

Thore  ia  a  goMral  law  of  meefaanieal  eqnilibriwn,  which  indodea  the 
piineipal  properties  of  moat  of  these  machines.  If  two  or  more  bodlei^ 
connected  together,  lie  suspended  from  a  giren  point,  they  will  be  at  rest 
when  their  centre  of  inertia  [^Tavity^  is  in  the  vertical  line  passiiisf  through 
tlie  point  of  suspension.  The  truth  of  this  pro])osition  may  easily  be 
illustrated  by  the  actual  snspension  of  any  }><Miv,  .r  system  of  l)odiu8, 
from  or  upon  a  tixed  point ;  tlie  whole  remaining  iu  equilibrium,  when 
the  centre  of  inertia  [gravity]  is  either  yertioally  below  the  point  of  nut- 
pension,  or  above  the  point  of  support,  or  what  the  fixed  point  ooinddea 
with  the  oentte  of  inertia  [gnrntyj*  And  whaterw  may  bo  the  form  of  a 
compound  body,  it  may  be  oonaidered  aa  a  system  of  bodies  connected 
together,  the  situation  of  the  common  centre  of  the  inertia  [gravity]  deter- 
mining; tlic  quiescent  position  of  the  body.    (Plate  III.  Fig.  .34  . .  (JC.) 

Henc*  the  centre  of  inertia  i**  railed  the  cpTitrc  of  t^ravity  ;  and  it  may 
be  practically  found,  hy  deteraiiuing  the  luteisi  c  ti  m  of  two  lines  which 
become  vertical  in  any  two  positions  in  which  the  body  is  at  rest.  Thus, 
if  we  Mispend  a  board  of  an  irr^^ular  form  from  any  two  points  succes- 
alvely,  and  mark  the  ntaatioii  of  the  Tertical  lino  in  each  poaitioo»  we  may 
find  by  tfao  intoaeetloii  tho  place  of  the  cenlie  cf  gravity :  and  it  win 
appear  that  tiua  inteneetioii  will  be  the  Mme  whatever  positiona  wo 
employ.  (Plate  IU.  Fig.  30.) 

The  consideration  of  the  degree  of  8tal)iiity  of  equilibrium  is  of  material 
importance  in  many  mechanical  operations.  Like  other  variable  quanti- 
tir>,  ti  e  stability  may  be  positive,  negative,  or  evanescent.  The  equili- 
brium is  positively  more  or  less  i>table,  when  the  centre  of  gravity  would 
be  obliged  to  aacend  more  or  less  rapidly  if  it  quitted  the  vertical  line  : 
the  equilibrium  is  tottering^  and  the  stability  is  negative,  when  the  eentrs 
of  gravity  woold  desoead  if  it  wen  displaced ;  but  when  the  centre  of 

*  Seepage  19  and  last  pi^e.  For  dcrooDstratioiu  of  this  property  consult  also 
Bobsoo,  Traitt^  de  M^^iqee,  i.  43.  Dodnvla,  cztraded  in  PMf  ■  Mce.  p.  7, 
BO(e{  Old  WheweD's  MtOmtia, 
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gnyitj  coinddes  with  ihe  centre  of  ]notio%  or  when  its  path  would  be  » 
hori»mta]  right  line,  the  equilibrium  has  been  called  insensible^  but  maj 

more  properly  be  termed  neutral,  and  the  body  will  rest  in  any  position, 
without  tt^ndinir  citlicr  to  fall  or  to  return  to  its  original  situation.  It  is 
obvious  tluit  the  centre  of  f,'ravity  cannot  move  without  descending,  when 
it  is  vertically  over  tlie  fixed  point,  nor  without  ascendinir,  when  it  is 
immediately  b«luw  it ;  eo  that  in  Uie  one  case  the  equilibrium  is  totteringy 
ftnd  in  the  other  stable.  Henee  we  may  nndoitand  tiie  reaw»  of  HsMiag 
the  noreable  handles  of  a  tosssI  of  any  kind  sA  its  upper  part^  in  order  that 
tile  centre  of  enepeDsion  may  be  always  above  the  oentve*  of  grvfity.  If 
they  be  fixed  too  low,  tlie  veBsel  will  be  liable  to  overset,  unless  there  be 
■nfficient  friction  to  retain  it  in  its  proper  situation.    (Plate  III.  Fig.  40.) 

An  oval  surface,  placed  on  a  horizontnl  plane,  is  capal)le  of  a  Rt^hle 
equilibrium,  wboiiit  rests  on  its  side,  or  on  the  extremity  of  its  ]f^tiscr  axis, 
and  of  a  totttrmg  equilibrium,  when  it  stands  on  tlie  extremity  of  its 
greater  axis.  I^ut  the  equilibrium  of  a  circle  or  a  sphere  is  always  neutral, 
for,  when  disturbed,  it  neitlier  recovers  its  first  position,  nor  deviates 
further  from  it.  A  flat  body,  resting  on  a  sphere,  will  hare  its  equilibrium 
tottering  or  stable,  accordingly  as  its  centre  of  gravity  is  more  or  less  than 
the  temidiameter  of  the  sphere  above  the  point  of  contact  (Plate  III.  1%. 
41, 42.) 

The  staliility  of  a  body  supported  on  a  flat  basis  of  a  given  extent,  is  of  a 
different  kind,  and  is  independent  of  equilibrium.  For  here,  if  the  centre 
of  gravity  move  either  way,  it  must  heirin  it,s  motion  in  an  inclined  direc- 
tion, instead  of  doscriliing  a  curve  whicli  is  initiiilly  horizontal.  The 
stabilitv  of  such  a  Inniy  liecomes  less  and  less  as  it  is  more  and  more 
inclined,  till,  when  the  centre  of  gravity  is  vertically  over  the  margin  of 
the  basis,  there  is  a  tottering  eqniUlaittm ;  and  if  the  indlnatioti  be  still 
farther  continued,  the  body  will  hSL  (FUite  UI.  Fig.  43.) 

The  broader  the  bads  and  die  lower  the  centre  of  gravity,  the  steeper 
most  the  path  of  that  centre  be^  and  consequently  the  greater  the  stability* 
Thus  the  disposition  of  the  weight  in  a  carriage  may  considerably  aflRect  its 
stabiUty  by  altering  the  place  of  the  centre  of  gravity.  A  waggon  loaded 
with  iron  is  much  less  easily  overturned  than  when  it  is  loaded  with  an 
equal  wcijfht  of  hay  ;  supposin^:  the  inequality  of  the  road  or  any  acci- 
dental obstacle,  to  elevate  one  side  of  the  wngsron,  it  will  always  recover  its 
position,  provided  that  the  centre  of  gravity  remain  within  the  vcitic^d  line 
passing  through  the  point  of  contact  of  the  lower  wheel  and  the  ground ; 
and  it  is  obvious  that  the  higher  the  centre  of  gravity  is  situated  the  sooner 
it  passes  this  line.  If  tlie  velocity  of  the  motion  wwe  very  great,  tlie  wlieel 
which  is  elevated  might  be  lifted  off  (he  ground  by  the  momentum,  and  tlie 
centre  of  gravity  miirht  thus  be  carried  beyond  tiie  vertical  line,  by  means 
of  an  obstacle  which  would  not  have  overset  the  wsggon^if  it  had  been 
moving  slowly.    (Plate  Ilf.  Fi^'.  44.) 

If  a  j)er8on  bo  sitting  or  standing  in  a  r  n'rh^L'^r  ,  tlv?  j»art  of  the  carriatje 
on  which  he  Bita  or  stands  may  be  considered  a-s  re}>re:>euting  the  ])lace  of 
his  weight,  provided  tliat  his  situation  be  always  per|)endicular  ;  but  if  tlie 
motion  be  rapid  he  will  not  be  able  to  remain  constantly  in  a  posture  jier- 
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fectly  erect,  and  the  centre  pf  gravity  of  the  carriage  with  its  paasengers, 
will  be  somewhat  more  elevated  than  it  would  be  on  this  supposition. 

ThA  dircctloii  of  the  initial  motion  of  tlio  centre  of  gxftTify  leadiljr  ex* 
flftine  Uie  nupenabn  of  a  weight  or  a  haeket  of  water,  on  a  rod  reeting  on 
the  end  of  a  table,  when  another  rod  is  employed  to  keep  the  hneket  at 
■nch  a  distance  from  the  end  of  the  first,  that  the  centre  of  gravity  may  he 
under  the  table ;  for  although  the  bucket  seems  suspended  by  its  handle, 
yet  if  the  Iiandle  began  to  descend,  the  c«'ntre  of  gravity  would  he  oblitrod 
to  riic^e  ;  consequently  the  whole  will  retain  its  position,  and  remain  at  rest. 
(Plate  III.  Fig.  4.5.) 

The  apparent  aaceut  of  a  loaded  cylinder  on  an  inclined  plane,  and  the 
motion  of  a  toUer  compoaed  of  two  united  conea  with  a  common  ask,* 
vesting  on  the  edge  of  a  ttian^e  wUdi  is  indined  to  tlie  horiwn,  may  he. 
easily  nndentood  from  the  same  consideration.  (Plate  III.  Btg.  46.) 

We  may  also  ohserre  in  tlie  eqnOibiium  of  animals  many  drcmnstancM 
illustrative  of  the  properties  of  the  centre  of  gravity.  When  a  person  stands 
on.  one  foot  and  leaiis  forwards,  in  the  attitude  wlii oh  is  usually  exhibited 
in  the  statues  of  Mercury,  Uie  otlior  foot  is  elevated  behind,  in  order  to 
bring  hack  Uie  centre  of  gravity-  so  as  to  be  vertically  over  some  part  of  the 
foot  on  which  he  stands.  But  on  account  uf  Uie  convex  and  irregular  form 
of  tiie  foot,  the  basis  that  it  alibrds  is  leally  very  nanow;  henoe^  wh«i  we 
attempt  to  stand  on  one  foot^  we  find  it  often  neeeesaiy  to  nse  a  mnsedar 
exertion,  in  order  to  hring  tibe  fcSsA  of  support  to  tliat  nde  towards  wMdi 
we  are  li^gtnning  to  fall ;  and  wiien  the  basis  is  still  more  contracted,  the 
body  never  remains  at  r^  but,  by  a  succession  of  actions  of  this  kind, 
sometimes  too  minute  to  be  visible,  it  is  kept  in  a  state  of  perpetual  vibra- 
tion, without  ever  attaining  such  a  position  as  would  give  it  any  degree  of 
po.siLive  stiibility  ;  and  tlius  it  may  l)e  conceived  to  be  supported  even  on  a 
single  puiut,  recuvering  its  poHiUuu  from  time  to  time  by  means  of  a  slight 
degree  of  rotatory  motion,  wliich  is  iwoducsd  liy  its  flexure  and  hy  ftn 
changes  of  Ihe  position  of  the  ezlvemities :  hence^  hy  hahi^  tlie  arts  of 
rope-dancers  and  balancers  are  acqnired.  Sometimci^  however,  the  position 
of  the  balancer  is  not  so  difllcnit  to  he  preserved  as  it  appears^  the  enrvap 
ture  of  the  wire  in  contact  with  the  foot  tending  materially  to  assist  him. 

When  we  attempt  to  rise  from  a  seat,  we  generally  draw  our  feet  inwards, 
in  order  to  bring  the  point  of  support  into,  or  near,  the  vertical  line  jja-i^sing 
through  the  centre  of  gravity,  and  to  create  a  tottering  e<[uilibriuin,  wliioh 
is  favourai)ie  for  Uie  beginning  of  motion.  And  before  we  rise,  we  bead 
the  upper  part  of  the  body  forwards,  In  ordw  to  procure  »  niMneotum, 
capable  of  canying  the  centre  of  gravity  beyond  the  vettioal  line  passing 
through  the  point  of  support 

When  a  hor»e  is  walking,  the  centre  of  gravity  is  sometimes  supported 
only  by  two  feet  of  the  same  side,  yet  for  a  time  so  short  that  its  declension 
towards  the  other  side  Is  easily  recovered,  after  the  1^  on  that  side  have 

^  KrsA  on  tfie  sppennt  Asweiit  of  •  Double  Cone,  Nov.  Con.  Petrop.  yI*  389. 

Kiistncr  on  a  CyliDder  appearing  to  roll  upwards.  Deutsche  Schriften  Soc.  Gott.  113. 
On  die  motion  of  a  double  cone,  see  alio  Kostoaov.  Nov.  Act,  Fetr.  1789,  viL  229. 
Bnmings  Uiad.  Aveh.  ii.  m. 
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resujn»l  their  activity.  Some  auUiors  have  thought  it  impAssibfo  that  a 
qnadrnptd  dwald  stand  lor  an  instaat  with  bttth  feet  of  the  same  alule 
raised  from  iheaartli ;  bat  when  a  hone  is  walking  £»4^  it  mKj  TCty  often 
be  observed  that  the  pidnt  of  the  hind  foot  is  eonaderablj  more  advanced 
than  that  of  the  fore  foot,  which  has  been  raised  to  make  way  for  it. 

From  the  general  law  of  the  equilibriutn  of  the  centre  of  gravity,  we 
may  deduce  the  pmpf^rties  of  levers  of  all  kinds.  It  follows,  from  the  defi- 
nition of  this  iioiiit,  that  if  two  hodies  l)e  attached  to  a  straiy;ht  rod  of  in- 
considerable weight,  they  may  be  sustained  in  equililniuui  by  a  fixed 
point  or  fulcrum,  which  divides  their  distance  into  portions  which  are  in- 
vweely-  u  their  wfS^^AB,  And  it  is  obvious  thai  if  any  other  equivalent 
forees  be  inbetitiited  for  welg^tti^  acting  at  tiw  same  cUatance  from  the 
'  fnlenraiy  and  with  the  same  inclination  to  the  rod  or  lever,  the  eondltions 
of  equilibrium  will  be  precisely  file  same.  Also,  if  either  of  (he  forces  be 
transferred  to  an  equal  distance  on  the  other  side  of  the  fulcrum,  and  act 
there  in  a  contrary  direction,  the  efiuilihn^im  will  still  remain.  Hence  we 
have  two  principal  kinds  of  levers  ;  the  fii*»t,  in  which  the  fixed  ]>oint  or 
fulcrum  is  i>etweeu  the  points  at  which  the  forces  or  weighty  are  applied  ; 
the  second,  where  the  forces  are  applied  in  contrary  directions,  on  the 
mmnsldeef  fhefokram.  (Phte  m.  Fig.  47.) 

TkB  demonefafatioMs  of  the  fondamental  property  cf  the  lever  hanre  been 
very  various.  Archimedes  hims^  has  given  us  two.*  Hnygens,t  Newto9Vt 
llaclaurin,§  Dr.  Hamilton,]|  and  Mi-.  Yince,^  have  elucidated  the  same 
Huhject  hy  different  methods  of  considering  it.  Tlie  demonstration  q£ 
Arrhiniedes,  as  improved  by  Mr.  Vince,  is  ingeninifj  nnd  clfirr.nt,  )»u»  it  is 
neither  so  general  and  natural  &s  one  of  Dr.  Uamiltou's,  nur  »o  »ini|  le  ai  d 
convincing  as  Maclaurin's,  which  it  may  be  worth  our  while  to  notice.  Sup- 
posing two  equal  weights,  of  an  ounce  each,  to  be  fixed  at  the  ends  of  tlui 
equal  anna  of  a  lever  of  Hie  fiisfc  kind ;  in  tfaie  caee  it  ia  obvious  fliat  t^iere 
wUl  be  an  equilibrium,  since  tbeve  ia  no  reason  why  afher  wdg^  abonld 
preponderate.  H  ia  ^so  evident  that  the  fulcrum  supports  the  whola 
weight  of  two  ounces,  neglecting  that  of  the  lever  ;  conseqnaitiy  we  may 
substitute  for  the  fulcrum  a  force  e(|uivalent  to  two  ouncpg,  drawing  the 
lever  upwards  ;  and  instead  of  one  of  the  weights,  we  may  place  the  end 
of  the  lever  under  a  firm  obstacle,  and  the  equilibrium  will  still  remain, 
tJie  levi  r  I  ring  now  of  the  second  kind.  Here,  therefore,  tiie  weight  re- 
maining at  the  other  end  of  the  lever  counterbalancee  a  force  of  two 
ounces,  acting  at  half  the  distance  from  the  new  fulerom ;  and  we  may 
enbetitate  fbr  this  force  a  weig^  of  two  ounces,  acting  at  an  equal  distance 
on  the  odwr  dde  of  ftat  fhlcram,  8up])0!jing  the  lever  to  be  sufficiendy 
lengthened,  and  there  will  still  be  an  equilibrium.  In  this  case  the  fulcrum 
will  sustein  a  wdght  of  three  ounces,  and  we  may  substitute  for  it  a  force 
ol  three  ouncee  acting  upwards^  and  proceed  as  before.  In  a  similar 

*  Archimedes  de  .^^Eqaiponderantibas,  and  de  Flanorum  .^quilibrfit. 
t  Pemaiirt»atio  JBqvteMi  Btfam^,  Hist,  et  MAa.  Biris,  IfitS. 

X  Prinripi     T,\w«  of  Motion,  cor.  ?  f.  Vinr  nf  Newton's  Philosophy. 

II  The  Properties  of  the  Mechanic  Powen  Demonstrated,  Fh.  Tr.  1763,  iiu.  103. 
q  Ph.  Tr.  1794,  faoodv.  33»  VUtcsopUcsl  Bmljb,  Itee^  Loud.  1767. 
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miiiiMr  <|ie  4«iiu»iMi(Mi  nity  be  cstcndtd  to  any  oonuMBSuikbl*  pvopor- . 
taon  of  the  anm,  ih&t  is,  any  proportion  tiiat  can  be  expressed  by  numbers  ; 
and  it  is  easy  to  show  tliat  the  same  Uw  must  be  true  of  all  ratios  what- 
ever, even  if  they  happen  to  he  incominoiisurable,  mrh  hh  the  siJe  of  a 
square  c<nn])rtre(l  tn  its  diagonal,  which  funiMt  lie  arcntatt  1  v  exjire^^sed  hy 
any  lunulu  r>  wimuner  ;  the  forces  rcinaiuing  aiways  in  e(iuilii»riiiin  when 
they  are  to  each  other  inversely  as  the  ciiHtances  at  which  tliey  are  applied. 

It  ia  aomeliflMB  mm  conventoit  to  have  a  series  of  levers  acting  on  eatfli 
other  with  a  moderate  incnaaeof  p  nver  in  eaieh,than  to  have  a  single 
km  equivalent  Jtt  its  afieet.  Wa  may  alao  band  dthar  am  of  a  la?er  in 
any  manner  tbat  v  «  please^  without  altering  its  power^  pcovided  that  lira 
direction  of  the  force  be  perpendicular  to  the  line  drawn  to  the  fulcrum  ^ 
or  if  the  force  he  applied  ohllquely,  it  may  always  he  iniagineil  to  act  at 
the  end  of  a  lever  equal  in  length  to  the  j)pr|)<M^dicuhir  let  fail  from  the  ful- 
crum ou  the  direction  of  the  force.  Thus,  if  f  \\  1 1  It  v«'rs  :ire  connected  l>y  a  rope 
or  bar,  when  the  dir«»ctioa  of  uue  of  them  nearly  cuiiicides  with  that  of  the 
rope,  &  ftHve  implied  transversely  to  the  lever  acts  with  a  great  meehaaie^ 
advantage  agatnat  Oa  raps ;  bntaa  the  inafinalian  taeroasea,  the  advantage 
gndnally  dimfariahaa,  and  changeB»  at  laat^  to  an  equal  advantage  on  tha 
sida  of  the  rope  and  the  other  lever  to  whieh  it  is  attached.  When,  there-  , 
lore,  a  great  force  is  required  in  the  beginning  of  the  motion,  and  aAer< 
wards  a  much  smaller  force  with  a  greater  vel<»city,  this  apparatus  may  be 
extremely  convenieut :  thun,  in  opening  a  steam  valve,  the  pressure  of  tiie 
steam  is  at  first  to  ])e  overcome,  and  aft4>r  thi«,  little  or  no  additional  fore* 
is  required  ;  and  iVlr.  Watt  1ms  very  uigeoiousiy  applied  this  arrangement 
of  levers  to  the  puq^  in  his  steam  anginas.  In  the  aamamannar,  it  ia 
naceaaaiy  thai  the  platten  of  a  printing  preas,  or  tha  part  whieh  pnsaea  tha 
paper  on  Iha  tgrpas*  ahoold  daaoend  fnm  a  oonaideiabia  bajghtt  bnt  it  ia 
only  at  the  inirtant  of  taking  off  the  impression  that  a  gmat  fMDoa  ia  ro- 
quired ;  and  both  these  ends  are  ohtaint  ]  y  Himilar  meana  in  a  piaaa 
lately  invented  hy  Lord  Stanhope.  (Plate  111.  Fig.  48,  40.) 

The  wheel  and  axiM  fM>ar  a  very  strong  resemblance  to  the  lever.  If  two 
threads,  or  perfectly  ti-  \il>le  and  inextensihle  lines,  lx»  wonnd  in  contrary 
directions  round  two  cylinders,  drums,  or  rollers,  tnovealHe  together  on 
the  same  axis,  there  wiU  be  an  equilibrium  when  the  weights  attached  to 
the  tkreada,  or  tfaa  fotces  tfttwrting  on  them,  are  inversely  as  the  radii  of 
tha  ayUnden^  or  aa  the  diaaaleni  of  which  thqr  are  tha  halvaa.  It  may 
easily  be-  nnAaiatood  that  tha  wai^  havo  tha  aame  power  In  tuning 
lOOnd  the  cylinders,  as  if  they  were  immediately  attached  to  the  arms  of  a 
lever  equal  in  length  to  their  scmidiameter,  and  that  the  conditions  of 
pfiuilihrimn  ^ri^  he  the  same.  The  demnn«trntion  may  also  be  more  im- 
ine  iia!<  ly  *K  iuced  from  the  position  of  th  '  rcnti  o  of  gravity  immediately 
l>elow  Llie  axis  of  the  cylinders,  whieh  requires  the  weight^s  to  be  inversely 
as  the  radii.  With  respect  to  stability,  the  equilibrium  is  ueutral,  and  the 
oylindan  wiU  ismmn  at  rest  In  any  sitnation.  A  single  cylindw  ia  alao 
oflm  oambinad  with  a  Ia««r  or  winch»  and  in  this  eaaa  tha  radina  of  the 
oylMariatobeaawpMMd  withthekngthaf  thabvararwhi^  (Plata 
III.  Fig.  99.) 
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Syilnnsiif  whaek  and  pinions  of  rafioQi  kmdB  Mimible,  in  llMir  maduip* 

ideal  properties,  either  a  series  of  levers,  or  the  combination  of  eylinden 
which  constitutea  the  wheel  and  axis  ;  but  the  form  of  the  teeth  maj  pro- 
duce a  difference  in  their  action,  which  wUl  be  mentioned  when  the  prAC- 
tical  construction  of  wheehvork  is  discnssed. 

Sojuetimes  the  axia  connected  witli  a  winch  is  composed  of  two  cylinders, 
one  end  of  the  rope  being  uncoiled  from  the  smaller,  while  the  other  end 
iKnds  round  the  larger  ;  the  weight  being  supported  by  a  pulley  running 
in  its  angle.  Here  fhe  oonditions  of  eqnilibriiim  aio  tuSly  deteimined 
from  fhe  plaee  of  die  centre  of  gmiily,  ond  fbe  eieei  of  die  mediine  ie  die 
oune  ae  if  die  weigbl  wete  attached  to  a  fope  ooOed  round  a  abnple 
cylinder,  of  a  diameter  equal  to  half  the  diflimce  of  die  diameteie  of  the 
double  axis.  The  machine  is,  howevery  much  stnmger  than  each  a 
cylinder  would  be,  and  does  not  require  eo  great  *  cnrratore  in  the  ropee 
elnployed.    (Plate  IV.  Fi>?.  51.) 

The  laws  of  the  e<^uilibriuin  of  pullies  have  been  referred,  by  some 
writers  on  mechanics,  to  those  uf  the  iever  ;  but  the  comparison  is  both 
nnneeeesary  and  imperfect ;  in  the  simple  ease  of  two  equal  weights  «^ 
tached  to  •  thread  paani^f  over  a  nngle  pulley,  which  ie  the  only  one  that 
.  allowe  ns  to  recur  to  the  propertiee  of  the  Ier«r,  the  eonditione  of  eqnili* 
biinm  are  axiomaUcally  evident,  wiUumt  any  further  reaeoning ;  and  in 
more  complicated  cases  the  calculations  ]iroceed  on  perfectly  difietOtt 
grounds.  We  are,  therefore,  to  consider  a  pulley  as  a  cylinder,  moving 
on  an  axis,  merely  in  order  to  chunire  the  direction  of  a  thr»'!id,  >vithout 
fricttmi  :  for  whatever  is  demonstrahle  of  jniUies  or  tlic  ir  rom  I  filiations, 
would  bt  eijually  true  of  many  perfectly  smooth  grooves,  which  do  not 
bear  the  mutit  distant  analogy  to  the  lever. 

Now  wlien  the  direction  of  a  thread  ie  altered,  by  passing  over  any  per* 
fectly  smooth  eox&oe^  it  oommnnicatee  the  wliole  force  actiqg  on  it ;  for 
the  reeietanee  of  a  mahee,  without  £rictio%  can  only  be  in  a  direction 
perpendicular  to  iteelf  and  to  the  diread,  and  tlw  opetation  of  any  focee 
lemains  undisturbed  by  a  rarietance  which  ia  ahraya  in  a  direction  per- 
pendicular to  it 

A  fixed  jxilley,  therefore,  has  no  eflfect  in  gaining  a  mechanical  ad- 
vantajj^e  ;  but  by  means  of  a  moveable  pnlley  it  is  obviou'^  that  a  weight 
may  l)e  supported  by  two  forces,  each  equivalent  to  half  the  weight, 
apphed  iu  a  vertical  direction  to  Uie  extremities  of  tlie  thread  ;  and  these 
foroee  may  be  derived  from  two  weights,  if  the  thread  be  made  to  pass  over 
two  fixed  p«dte  in  a  proper  position ;  and  if  one  off  tlm  enda  he  attached 
to  a  fixed  point,  and  the  odier  remain  connected  to  ite  weight,  the  equi- 
librium will  continue  unimpaired,  each  poctien  of  die  thread  still  euppovi- 
ing  one  half  of  die  original  weight ;  so  thal^  by  mesne  of  a  single  moveable 
pulley,  one  body  may  retain  in  equilibrium  anodier  of  double  ite  weigiit. 
(Pkte  IV.  Fig.'52,  5.3.) 

The  modes  of  nrmnping  pullies  are  very  various,  but  the  advantage 
which  they  procure  may  always  be  ci^timated,  from  tJie  consideration  that 
every  part  of  the  same  thread  must  be  equally  stretched  ;  and  where  there 
is  only  one  tliread,  the  weight  will  be  divided  equally  among  all  the  por> 
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Hons  whicli  help  to  support  Uie  moveable  block,  each  of  fhfm  bearing  a 
weight  eqoiTttlent  to  U10  foroe  which  is  applied  at  the  end  of  the  thfMwL 
In  the  Gommon  ahip*8  hlocka,  the  pnlliee  or  abieTes  ate  equal  in  magni- 
tude,  and  placed  ride  by  ride ;  here  their  nnmbw  cannot  conveniMtij 
exceed  two  or  three,  mthout  canaiag  an  obliquity  in  the  block,  wlien  the 
force  Ib  apphed  to  the  rope.  Mr.  Smeaton,*  for  this  reason,  invented  a 
system  of  pullies,  arrangt'd  in  two  rows  In  each  l)lock,  one  lar«»er,  ami  the 
other  sinnHer  :  the  force  being  ay>plic(l  in  tlie  miTldlf,  the  rnjie  pa«Hes  (in  the 
lari^er  puUies  till  it  arrives  at  the  iast,  then  retiirriH  through  tlie  wliuie  of 
the  smaller  series  to  the  oppc^ite  side,  and  comes  back  again  on  the  i&r^T, 
to  he  finally  attached  in  Uie  middle,    (riate  IV.  Fig.  54... 56.) 

If  tbe  diameten  of  ill  the  pnlliea  m  both  Uocln  be  taken  in  the  lalio  of 
the  number  of  portions  of  the  thread  intervening  between  them  and  the 
fixed  extranitgr,  their  angular  Tcloeit  j  will  be  equal,  each  of  them  taming 
on  its  axis  in  the  same  time.  They  may  therefore  be  fixed  to  a  single  axis 
in  each  block  ;  and  in  this  case  Uie  axis  being  longer,  there  will  be  leea 
accidental  friction  from  its  want  of  steadiness,  and  even  the  necessary  £rM^ 
tion  may,  jt  rhaps,  be  somewhat  diminished.    (Plate  IV.  Fig.  !i7.) 

If  one  end  of  a  tliread  supporting  a  moveable  pulley  be  fixed,  and  the 
other  attached  to  another  moveable  pulley,  and  the  threads  of  this  pulley 
be  similarly  arranged,  the  weigiit  will  he  couuterpuii»ed  by  a  power  which 
is  found  by  halving  it  ae  many  times  as  there  are  moTeable  pnlliee ;  for  tt 
is  obrions  that  each  of  these  pullies  donUes  the  eflbet  of  the  power* 
(Plate  IV.  FSg.fi8.) 

There  are  also  other  anrang«mentB»  by  which  the  tSS&ti  of  pnlliee  may  bo 
increased  or  diversified  :  for  instance,  where  one  end  of  eadx  lope  is  attached 
to  the  weight  to  be  moved  ;  or  where  two  of  the  pullies  are  connected  by  a 
rope  passing  over  a  third ;  but  these  methods  are  of  little  practical  ntili^. 
(Plate  IV.  Fig.  59,  60.) 

We  have  hitherto  -supposed  the  ropes  passing  over  the  pullies  to  be  either 
perfectly  or  very  nearly  parallel  to  each  other ;  but  when  their  directions 
are  oblique  the  forces  applied  to  them  require  to  be  modified  accordingly. 
Tbos^  if  two  threads  be  atUehed  to  a  weight,  and  passed  over  two  pullies 
fixed  at  a  distance  from  each  other»  so  that  two  eqoal  weights  may  be 
attached  to  their  eidaremities,  the  depmesbn  of  the  first  w^ght  bdow  either 
pulley  will  be  to  its  distance  from  the  pulley,  in  tlie  same  proportion  as 
half  of  the  weight  to  either  of  the  other  weights  ;  and  if,  instMd  of  having 
a  wpitrht  attached  to  it,  one  end  of  the  thread  be  fixed  to  a  firm  obstacle, 
the  etlect  will  }ye  ]>rpci^!'ly  the  same.  A  nifichine  of  this  kind  is  sometimes 
callo-l  a  swic,  jMnliupa  by  corruption  from  swing.    (Plate  iV.  Fig.  (51.) 

if  ail  tile  weiglits  are  unequal,  we  must  draw  a  triangle  of  which  the 
tiltee  rides  are  in  the  same  proportions  aa  the  weights ;  and  we  may  deter- 
mine ths  directions  cf  the  threads  by  phicing  sadi  a  triangle,  with  the  side 
representing  the  middle  weight  in  a  vertical  position, 

A  force  may  also  be  i^^led  obliqnely  to  a  wheel  and  axis.  Supposing  a 
repe  to  be  coiled  obliqariy  xonnd  the  axis,  it  will  require^  in  order  to  pra* 
sore  the  equilibrium,  a  force  as  nuch  greater  than  would  be  snffideif^  if 

*  Ph.  IV.  1752,  xlvU.4tM. 
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put  of  the  rope  uncoiled  is  greater  than  the  perpendicular  diatance  of  ihi 
extranily  from  the  axis.  So  that  when  the  rope  becomes  very  obUqa^  a 
great  force  is  required,  in  order  to  counteract  a  much  smaller  one  actinir 
perpendicularly.  This  remark  Tnfi\'  be  in  some  measure  illustrated  l>y 
considering  the  method  used  hy  joiners  and  stonecutters  for  keeping  a  saw 
straight:  two  iMjus  or  bmcen  are  twisted  together  by  means  of  a  pin  or 
lever  passing  between  them,  and  serve  each  other  in  place  of  an  axii*,  round 
idikh  they  are  coiled  obliquely,  ao  that  tfaoy  aot  with  great  ftne,  when 
thoy  an  mffieieiitly  tight  and  not  too  mndi  tfriitad.  (Plate  IV.  fig.  02.) 

It  appean  from  the  laws  whidi  have  already  been  laid  down,  veapeeting 
the  motions  of  bodies  on  sarfsoee^  that  a  wdght  aeting  vertically 

will  hold  in  equilibrium  another  wid^it  resting  on  an  inclined  plane,  with- 
out fricti  ni,  when  the  first  is  to  the  second  as  the  height  of  the  plane  to  its 
oblique  len;j:th.  The  prcj^sure  on  the  plane  is  in  this  cas5e  to  the  weight 
restin;,'  on  it,  as  tlie  lu)ri/<»iitnl  len?th  of  the  plane  is  io  its  oblique  lentrth. 
This  prepare  may  be  nica-urcfl  experimentally,  by  Hulisfitutini'  for  the 
resistance  of  the  plane  tiiat  oi  a  tiiread  perpeudicuiur  to  it.  (^iUate  IV. 
Fig.  63.) 

The  same  principles  are  applicable  to  tiie  eqnilibriani  of  the  wedge.  A 
.wedge  is  a  solid  which  lias  three  plane  fiMes  indiaed  to  each  olhery  and 
two  triangular  ends;  and  we  suppose  the  &oeseperfeetly  polished,  so  as  te 
be  free  from  friction,  and  that  no  force  can  act  on  them  otherwise  than  in 

a  perpendicular  direction.  Now  in  order  that  three  foroei^  aeting  on  the 
faces  or  sides  of  a  wed^e,  may  hold  each  other  in  e(|uilibrium,  each  of  them 
must  he  in  proportion  to  the  length  of  the  side  on  which  it  acts  :  they  must 
also  be  applied  at  sucli  parts  that  their  directions  may  meet  in  one  p<tint ; 
for  otherwise  they  will  not  be  completely  oppoiied  to  each  other,  and  a 
rotatory  motion  will  he  produced.    (Plate  IV.  Fig.  64.) 

If  each  ftoe  of  the  wedge  were  coneeived  to  be  capable  ci  receiving  a 
pressure,  not  only  in  a  perpendicular  direction,  but  in  any  other  directikni 
at  pleasofe,  as  some  anthon  have  supposed,  Ihe  inatnunent  wonld  lose  fis 
essential  diaracter  as  a  wedge ;  but  in  snch  esses  the  im^rtion  of  the 
ftvees  required  for  the  state  of  equilibrium  may  always  be  detetniined  by 
drawing  a  triangle  with  its  sides  parallel  to  their  directions.* 

It  hap])enf«,  however,  not  uncommonly,  that  the  force  actually  operating 
on  the  we<lge  is  derived  from  another  force  acting  in  a  direction  more  or 
less  ol)lique,  as  when  a  heavy  ])ody  rests  on  one  <tf  the  faces  of  the  wedge 
which  is  inclined  to  the  horizon,  tlie  body  being  retained  in  its  situation  hy 
an  obstacle  or  a  thzead  which  confines  it  to  a  vertical  line,  and  the  sliding 
away  of  the  wedge  being  prevented  by  a  horiiontal  fnrae.  A  wedge  so 
ettoaied,  and  snppoeed  to  be  capable  of  eliding  without  friction  on  a  horf- 
aontal  surface,  is  someUmes  called  a  moveable  indined  plane,  and  it  will 
support  the  weiubt  restiny^  on  it,  if  the  horizontal  force  be  to  the  weight  as 
the  hci^  of  the  plane  is  to  its  horizontal  I ngth.  If  the  thread  or  the 
obetade  hdpiug  to  support  the  weight  be  placed  in  any  other  dizection,  the 

«  SeeWbewcU's  Mechuics. 
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magnitude  of  the  forces  mu^i      dtiennined  from  the  geiienl  law  of  thie 
composition  of  tliree  pressureis.    (Plate  V.  Fig.  0,5.) 

If  a  prop  or  bar,  leaoing  agaiiii»t  a  smooth  vertical  surface  or  wall,  be 
€mploycii  to  support  or  to  niie  ft  weight,  by  meuu  of  a  fom  wUflh  toivt 
Hs  base  akRig  a  smooth  horiioatal  laifiMe,  the  iMniioiital  fiuoenwt  be  to 
the  nwSg^t  as  ibo  distaiico  of  tho  bottom  of  the  prop  ftom  tlie  wall  to  ite 
perpendicular  height.  And  from  similar  principles,  the  conditions  of  the 
equilibrium  of  asohaB^  domci^  and  roelb  naiy  be  detaimiBed.  (Plate  V. 
Fig.  m,  ♦i7.) 

The  action  of  a  screw  depends  on  tlie  same  ]>rinci]i1es  as  that  nf  an 
inclined  plane;*  for  by  rolling  a  thin  and  fl(  \it  U  ^vtdge,  for  instance  a 
triangular  piece  of  card,  round  a  cylindti,  we  fotin  a  screw.  We  may 
consider  tlie  force  tending  to  turn  the  screw  round  its  axis,  as  applied  hori* 
aoDtallj  to  the  beae  of  the  wedge,  and  the  weight  which  ie  to  he  valeed  se 
aetiag  Tertieelly  on  ito  ineliiied  eui&ee :  the  ciroamlBieiMe  of  the  oyllndn  • 
will  lepraeeiit  the  horiaontal  length  of  the  wedge,  and  the  distanee  between 
the  threads,  measured  in  the  directioil  of  the  axis,  will  be  ito  hdght,  pro- 
vided that  the  thieads  be  single ;  consequently,  the  forces  r^juixed  for  the 
equilibrium  are  to  each  other  as  the  height  of  one  spire  to  the  circumference 
of  the  >*rrpw.  But  besides  thr^e  force^  it  net^HHjiry  that  some  obstacle 
be  present,  wliich  may  prevent  the  body  on  which  the  screw  acta  from 
following  it  in  its  motion  round  its  axis;  otherwise  there  can  be  no  ^ni- 
librium.    (Pktc  V.  ir'ig.  iiH.) 

The  ^Hnder,  whieh  is  the  foundation  of  a  aorew,  may  be  either  eoavvz 
or  eoBeam^  making  a  cyliadiieal  or  a  tubular  eoiew,  and  theee^  when  fitted 
together^  en  eotnetimee  oeUed  a  eorew  and  a  nut.  The  ant  acto  on  the 
eerew  with  the  seme  mecihenical  power  ae  a  ringle  pcoat  would  do^  einee  it 
only  dividee  the  pressure  among  the  different  parts  of  the  spire.  Ltgenenl 
the  screw  is  applied  in  combination  with  a  lever,  in  order  to  procure  an 
adrantage  in  overcoming  the  friction,  which  is  always  considerable  in  the 
simple  screw  and  nut,  and  which  would  resist  a  force  ai)i)lie<l  innnediately 
at  the  circumference,  witliout  any  diminution  of  it.s  pow^r.  Sometimes  Hie 
spires  of  a  screw  are  made  to  act  on  the  teeth  of  a  wheel,  when  a  very  slow 
motion  of  the  whedt  or  a  very  rapid  motion  of  the  eerew,  ie  leqniied  for 
ihepnrpoeeeofthemachina.  (Plato  V.  f%.  70.) 

The  power  of  ecarewe  may  be  inoreaaed,  in  a  great  proportion,  by  meani 
of  an  axreagemant  invented  by  Mr.  Hunter  ;t  which  ie  lomewhat  similar, 
in  ito  operation,  to  the  douUe  axie  already  deeeribed.  A  cylindrical  screw 
is  bored,  and  made  at  the  same  time  a  tubular  screw,  with  a  little  difference 
in  the  dbtances  of  the  threa^ln  ;  so  that  when  it  is  ttirncd  within  a  hxed  nut 
it  rises  or  sinks  a  little  more  or  less  than  the  internal  screw  wliich  perfo- 
rates ii  would  rise  or  sink  by  the  action  of  its  ow^n  threads,  and  a  weitrht 
attached  to  thi«  internal  screw  ascends,  in  each  revolution,  only  tlu-uuy;ii  a 
ipaoeotualtolhadi&naoeofflia  height  of  the  two  ooila.  Here  the  aia> 

♦  Leujiold.  Thent.  Machin.  t.  6,  7.  Com.  Bon.  iii.  131,  304.  KSstner  on  the 
Screw.  Commeutaaones  Soc  Gott.  4to,  1795,  ziiL  M.  i.  47.  1797,  xiv.  H.  S. 
lUd.  de  Tbeoril  GedikK.  Diie.  VI.  88.  MdMiMa'e  Jow.  i.  156. 
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chine  is  analogous  to  a  very  thin  wedge,  of  which  the  thickneee  is  onljr 
equal  to  the  difference  of  tJie  distances  of  the  threads,  and  which  of  coui^e 
acta  witli  a  great  mechanical  advantage.  It  might  in  some  caseb  l>e  more 
eonvenient  to  make  two  cylindrical  screws,  of  different  kinds,  at  different 
paHs  of  the  eeine  axis,  rather  than  to  perfonto  it  The  ftietion  of  raeh 
maehinee  however,  a  great  impediment  to  Uidr  openticii*  (Piale  V* 
Fig.  71.) 

In  all  the  kinds  of  eqnilihrium  tliat  we  have  considered,  and  in  all  other 
cases  thai  can  be  imagined,  it  will  be  found  that  the  forces,  or  ratlier 
weights,  opposed  to  each  other,  are  so  arranged  that  if  they  were  put  in 
motion,  their  momenta  in  the  direction  of  gravity  would,  in  the  linjt 
instance,  be  equal  and  contrary,  the  velocity  heini;  as  much  greater  as  tlie 
magnitude  of  the  weight  is  smaller.*  Thus,  it  an  ounce  weight,  placed  on 
a  lever,  at  the  distance  of  four  feet  from  tlie  fulcrum,  counterpoise  a 
of  fbnr  onnees  at  the  clietanoe  of  one  foot»  the  vdoeity  with  which  the 
•  ounce  woold  deecend^  if  the  lerer  were  moved,  would  be  four  timee  ae 
great  ae  that  with  which  the  wdght  of  four  ouneee  would  descend.  A 
single  moveable  ptdUiy  aeeenda  with  half  the  velocity  of  the  end  of  the  rope 
which  h  drawn  upwards,  and  acts  with  a  force  twice  ae  great;  a  block  of 
three  shieves  enables  a  weight  to  sustain  another  six  times  as  great ;  hut 
the  velocity  \nth  which  this  weight  ascends,  is  only  one  nixth  of  that  with 
which  the  smaller  wri-ht  must  descend.  When  a  weight  restij  on  an  in- 
clined plane,  of  whieli  the  lieitrht  is  one  half  of  the  length,  it  may  be 
retained  by  the  action  of  a  weiglxt  of  liuif  its  magnitude,  drawing  it  up 
the  plane  by  means  of  a  thread  passing  over  a  pulley.  Here  if  the  wtight 
aeeended  or  deecended  along  the  oblique  auifaoe^  ita  velocity,  reduced  to  a 
vertical  direction,  would  be  half  ae  great  ae  that  of  the  emaller  weiglit 
which  balancea  it. 

Some  authors  have  conaidaod  this  law  as  affording  a  fundamental  de- 
monstration of  the  conditions  of  equilibrium  in  all  possible  cases.t  For 
since,  wlierever  two  weights  are  in  equilibrium,  if  one  of  them  dencended, 
the  other  must  ascend  with  an  eiiual  quantity  of  motion,  it  iijijn  ah^^urd 
to  hUj»jM»e  that  the  force  of  gravitation  couM  produce  these  two  e(iual  and 
contrary  efFectH  at  the  name  time.  But  it  la  more  satisfactory  to  trace,  in 
every  case,  the  steps  by  which  the  immediate  actions  of  the  different 
weights  «re  enabled  to  oppoee  each  other ;  and  the  general  law  may  Uien 
be  inferred,  by  induction,  from  the  agreement  of  the  particular  reaults,  in 
confirmation  of  ihe  general  reasoning  which  tends  to  establish  ita  truth. 
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ON  COLUSION. 

RATiiro  iiiqitSr«d  Into  the  laws  and  properties  of  the  motions  end  reit  of 
einglf  bodies  under  the  operation  of  one  or  more  IS»ree%  and  into  the  equi- 
lilnntm  of  these  Ibroes  in  difTerent  circumetaneee,  we  are  next  to  examine 
some  simjile  cases  of  the  iimtions  of  various  inoveaMc  bodies  acting  recipro- 
cally on  each  nthcr.  In  all  problems  of  this  kini!,  it  is  «»f  importance  to 
recollect  the  general  ])rinciple  already  laid  down  resptn  tini?  the  centre  of 
inertia  [gravity]  that  its  place  is  not  affected  by  any  reciprocal  or  mutual 
action  of  the  bodies  constituting  the  system. 

Whenever  two  bodies  act  on  each  other  so  as  to  change  the  direction  of 
their  relative  motiom^  bjr  means  of  snj  fonm  whidi  preserve  their 
activitjr  nndiminisfaed  si  eqnsl  distances  on  every  side^  tlie  relative  vdoci^ 
ties  wHh  which  tlie  bodies  approaeh  to  or  recede  from  each  other,  will 
always  be  eqnal  at  eqnsl  distances.  For  example,  the  velocity  of  a  comet, 
when  it  passes  near  tiie  earth  in  ite  descent  towards  the  sun,  is  the  same 
as  its  velocity  of  ascent  in  its  return,  although  at  different  distances  its 
velocity  has  undergone  considcrahle  «  !iunL;t*M.  In  this  case,  the  force  acts 
contiiuially,  and  attracts  the  hniiis  towards  each  other;  but  the  force 
concerned  in  collision,  when  a  body  strikes  or  impels  another,  act«  ouJy 
during  the  time  of  more  or  less  intimate  contact,  and  tends  to  scpuate  the 
bodies  from  each  other.  When  this  force  eacBEts  ilaelf  as  powerfblly  in 
causing  the  bodice  to  separate  as  in  dertroyingtlie  velocity  with  which  thqr 
meet  each  other,  the  bodies  are  esUed  perfoetiy  daslie :  when  the  bodies 
meet  each  other  without  a  re-action  of  this  Idnd,  they  are  called  more  or 
less  inelastic.  Ivory,  m^als,  and  elastic  jrum,  are  highly,  and  almost 
perfectly  elastic  :  clay,  wax  mixed  with  a  little  oil,  and  other  soft  bo<Hes, 
are  almo'^t  inelastic  :  and  the  effects  of  ineln^tic  bodies  may  be  uuitated  by 
elastic  ones,  if  we  cause  tliem  to  unite  or  adhere  after  an  impulse,  so  as 
to  destroy  tlie  effect  of  the  repulsive  force  which  tends  to  separate  thein. 
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When  two  bodies  approach  to  each  other,  their  form  is  in  some  degree 
chana^,  and  the  more  as  the  velocity  is  ^rreater.  lu  general,  the  repulsive 
farce  exerted  is  exactly  proportional  to  the  d€^;ree  in  which  a  body  is  com- 
IVMoaed ;  md  when  a  "body  ftiilcM  wmbOuf^  ttui  foaeee  eontinnes  to  be 
Sncreased  until  Hie  rdstive  motion  has  been  deatrojred,  and  the  hodim  are 
for  an  iaetani  at  net  with  reepect  to  each  otlur ;  the  ttfoSme  wt&A  tben 
proceede  with  an  intenuty  which  ie  gtadualljr  diminished,  and  if  the 
foodies  are  perfectly  elastic  they  re-aa«nimc  their  primitive  form,  and  separate 
with  a  velocity  equal  t<>  ihnt  \y\ih  wliicli  they  hefore  approached  each  other. 
Strictly  sp^kin**,  the  repuisiDn  conuneuces  a  little  before  tile  moment  of 
actual  contact,  but  only  at  a  distance  which  in  commun  cases  is  imper- 
ceptible. The  change  of  form  of  an  elastic  substance,  during  collision,  is 
easily  ahown  by  throwing  a  ball  of  ivory  on  a  dab  of  marble  or  a  piece  of 
amooth  ixoii»  oolonred  with  Uack  lead  or  printing  ink ;  or  by  eaiGeriiig  it 
to  fall  from  Tariona  heighta :  the  degree  of  compveMoon  will  then  be  indi^ 
cated  by  the  magnitude  of  the  black  spot  which  appears  on  the  ball.  It 
may  be  shown,  from  the  laws  of  pendulums,  that,  on  the  sujjposition  that 
tlie  force  is  proportional  to  the  degree  of  conijiression,  its  greatest  exertion 
is  to  tlie  weight  of  a  striking  body,  as  the  height  from  which  the  body 
must  have  fallen,  in  order  to  acquire  its  velocity,  to  half  the  depth  of  the 
impression. 

For  making  experimenta  on  the  phenomena  of  oollUon,  it  ia  moat  eon- 
Tenient  to  an^cnd  the  bodies  emplo jed  by  tiireadi^  in  tike  manner  of 
pendalnms ;  their  vdooitiee  may  then  be  ea^y  measnred  by  obecrring  the 
diotda  of  the  arcs  through  which  they  descend  or  aacendf  ainoe  the  veloci- 
ties acquired  in  descending  through  circular  arcs  arc  always  proportional 
to  their  chords  ;  and  for  this  purpose,  the  ajjparatus  is  provided  with  a 
graduated  arc,  wliich  is  commonly  di\ided  into  equal  parts,  althougli  it 
would  be  a  little  more  correct  to  place  the  divisions  at  the  ends  of  arcs,  of 
which  the  chords  are  expressed  by  the  correspondii^  numbers.  (Plate  V. 
Fig.  72.) 

.The simplest  caae  of  the  oollision  of  elastic  bodies  is  when  two  equal 

balls  descend  thiaogh  eqnal  arcs,  so  ae  to  meet  each  other  with  eqnal 
veioeitlee.  They  recede  from  each  other  after  collision  with  the  atom 
velocities,  and  rise  to  the  points  from  which  they  !>efore  descended,  with  a 

«ninll  rleduc'tion  for  the  resistance  of  the  gurrtMnulin','  bodie*!. 

When  a  ball  at  rest  i'?  Htrnck  by  another  equal  ball,  it  receives  a  velocity 
equal  to  that  of  the  bail  wiiich  strikes  it,  and  Uiis  ball  remains  at  rest. 
And  if  two  equal  balls  meet  or  overtake  each  other  with  any  unequal 
▼doeities,  their  moCioiis  will  be  exflhaoged,  each  ziaing  to  a  height  equal 
to  that  from  which  the  other  deeoended. 

The  elleoi  of  collid<m  talcea  ^aee  so  rapidly,  that  if  severd  equal  faaUa 
be  disposed  in  a  right  line  in  apparent  contact  with  eaeh  other,  and  another 
ball  strike  the  first  of  them,  they  will  all  receive  in  succession  the  whole 
velocity  of  the  moving  ball  before  they  begin  to  act  on  the  succeed  ini"  fncs  ; 
tl»«y  will  tlien  transmit  the  whole  velocity  to  the  .*«ucceeding  balls,  and 
remain  entirely  at  rest,  so  Uut  the  last  ball  only  will  fly  off. 

In  the  same  manner,  if  two  or  more  equal  balls,  in  apparent  oontact^  be 
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fink  of  tlie  noYiag  baUtwillfint  drireoffihemoitiemole^  and  thin  tliA 
MOOnd  Hm  ]Mt  knt  one,  of  the  row  of  balls  wUeb  were  at  rest :  so  thai 
Uie  same  number  nf  hulls  vdll  fly  off  together  on  one  nde,  as  descended  to 
itrike  the  row  of  balls  on  the  other  side  ;  the  others  remaining  at  rest. 

If  the  line  of  halls,  instead  f  f  ]'iehvj:  louHely  in  contact,  had  been  firmly 
nnited,  they  would  have  been  impeiled  with  a.  snmlh»r  velocity,  and  the 
ball  striking  th^  would  liave  been  reflected.  For  wlu n  a  smaller  elastic 
body  strikes  a  larger,  it  rebounds  with  a  velocity  leas  than  its  iii^t  velocity, 
aad  tiie  larger  body  pvooMda  dbo^wiUi  a  km  TBloeitiy  tlMB  tittt  of  tfa« 
My  itrikiBg  it.  But  if  ft  Uggat  hody  8«iikM,ft  onaller,  it  still  pcocMda 
with  a  maUer  vtboity,  aad  1I10  aiiaUer  body  ftdvwicM  viiii  a  gmter. 

Hie  momentum  oommnnicated  by  a  smaller  elastic  body  to  a  lai^BroilO 
il  giMitor  tiian  its  own,  and  when  the  ^lr^^t  body  is  of  a  magnitude  compa- 
ratively inconsiderable,  it  rebounds  with  a  velocity  nearly  as  great  as  the 
velocity  of  its  impulse,  and  the  second  Ixxly  acquires  a  momentum  nearly 
twice  as  great  as  that  of  the  first.  When  a  larger  1>ody  strikes  a  smalls 
one,  it  communicatee  to  it  only  as  much  momentum  as  it  loses*. 

In  the  communicatiou  of  motion  between  iuelu^^tie  budieti,  the  want  of  a 
repukivo  force,  capable  <3i  separating  them  with  an  equal  relatiTe  velocity, 
le  piobft^y  owing  to  a  permawmt  ahtngi  of  foHn;  awA  bodlwipoeiving  and 
wtftiwing  a  dcpnarion  at  the  pointof  contaeL  Whtia.  flw  veloeiJy  ia  too 
amall  to  produce  this  change  of  form,  tba  bodiae^  Imwaiw  inalaatifl,  may 
usually  be  obseanrcd  to  rebound  a  little. 

Bodies  w  hich  are  perfectly  inelastic,  remain  in  contact  after  collision ; 
fhcy  must  therefore  proceed  with  the  same  velocity  as  the  centre  of  inertia 
[gravity]  Iiad  before  collision.  Thus,  if  two  equal  balk  meet,  with  equal 
velocities,  they  rtmam  at  rest  ;  if  one  is  at  rest,  and  the  other  strikes  it, 
they  proceed  with  lialf  the  velocity  of  the  ball  which  was  fii-st  in  motion. 
If  they  are  of  unequal  dimensions,  the  joint  velocity  is  as  much  smaller 
than  that  of  tho  striking  ball,  as  tho  weii^  of  thb  ball  is  smaller  than  tho 
aomof  thowaigiitiof  botfi  balls.  And  ia  a  similar  manner  the  effiocts  of 
any  given  Tslocilies  in  either  balltnay  be  detennined. 

It  foUows  immediately  from  the  properties  of  the  centre  of  inertia  [gra» 
▼ity3  thi^  in  all  easso  of  colli.sion,  whether  of  elastic  or  inelastic  bodiea, 
the  sum  of  the  momenta  of  all  the  bodies  of  the  system,  that  is  of  tlieir 
masses  or  weights  multiplied  l>y  the  nrnnhers  expressiiiir  ♦lieir  velocities,  is 
the  same,  when  reduced  to  the  same  direction,  after  tht  ir  mutual  collii»iou, 
as  it  wa.s  before  their  collision.  When  the  bodies  are  perfectly  elastic,  it 
iuay  also  be  shown  tiiat  the  sum  of  their  energies  or  ascending  forc^  in 
dicir  veepectlYe  liireetioBs,  remaiaa  also  nnaltered. 

The  lenn  enstgy  may  be  applied,  with  great  propriety,  to  the  ptodnet  of 
the  mass  or  wei|^  of  a  bo^y,  into  the  sqnare  of  the  number  ejq^resBUQg  ita 
Tdocity.  Thus,  if  a  weight  of  one  ounce  moves  with  the  velocity  of  a  foot 
in  a  second,  we  may  call  its  energy  1  ;  if  a  seeond  body  of  two  oanees 
have  a  velocit}'  of  thr^  feet  in  a  second,  its  energy  will  be  twice  the  square 
of  three,  or  18.  This  product  has  been  denominated  the  living  or  ascend- 
ing force  [iht  9i§  vkd}^  eince  the  iwight  of  the  body's  vertical  ascent  is  in 
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prufMnrtion  to  it;  and  Mmw  hm  oonddmd  ft  w  tli»  tnw  rnmnn  of  tba 
qvaatitjr  of  molioii ;  but  although  ihb  opinkm  Iih  been  rnj  noiTenalljr 
rejected,  yet  tlie  foiee  tfane  eetinuited  well  deeerree  a  diiliiiet  dcnonuna- 

tion.  After  the  considerations  tad  demoilitntioiie  which  have  been  pre- 
mised uii  the  subject  of  forces,  then  ean  be  no  reasonable  doubt  with 
respect  t«j  the  true  ?ne!i«ure  of  motion  ;  nor  can  there  be  much  hesitation  in 
aHowing  at  once^  iluit  smrp  the  same  force,  continued  for  a  double  time,  is 
known  to  produce  l  h  uhle  velocity,  a  double  force  must  also  produce  a 
double  velocity  in  the  same  time.  Notwithstanding  the  simplicity  of  this 
view  <^  the  subject,  Leibnitz,*  SmeatoiL,t  and  many  others  have  chosen  to 
estimate  the  lotve  cf  a  moving  body  by  the  pio^iet  of  its  voMm  tato  iha 
square  cf  its  velodty ;  and  though  we  caamyt  admit  UiaA  fliis  eeHmatieii 
of  force  is  jii8t»  yet  it  may  be  allowed  that  many  of  the  sensible  ^iibets  of 
molioii»  and  even  the  adTantage  of  any  mechanical  power,  howerer  it  may 
be  employed,  are  iisually  proportional  to  this  product,  or  to  the  weight  of 
the  moving  body,  multiplied  by  tiie  height  from  which  it  must  have  fallen, 
in  order  to  acquire  the  given  velocity.  TIhh  n  V>ullet,  moving  with  a 
double  velocity,  will  penetrate  to  a  quadruple  depth  in  clay  or  tallow :  a 
ball  of  equal  siise,  but  of  one  fourth  of  the  weight,  moving  with  a  double 
velocity,  will  penetrate  to  au  equal  depth  :  and,  with  a  smaller  quantity  of 
motion,  will  inake  an  equal  eoKoavition  in  a  dM»lsr  time.  This  appeaie  at 
first  si^t  somewhat  paradoxical ;  bul^  on  the  other  hand,  we  are  to  con- 
sider the  reeistaace  of  the  day  or  tallow  as  a  vnifoimly  retozding  fotec^ 
and  it  will  be  obvious  that  the  motion,  which  it  can  destroy  in  a  short 
time,  nuiHt  be  less  than  that  which  requires  a  longer  time  for  its  dei>tnic- 
tion.  Thus  also  when  the  reeistance,  opposed  by  any  body  to  a  force  tend- 
ing to  break  it,  is  to  be  overcome,  the  space  through  which  it  may  he  bent 
before  it  lircaks  being  given,  as  well  as  tlie  force  exerte<l  at  every  point  of 
that  space;,  the  power  of  any  lK)dj  to  break  it  is  proportional  U)  the  energy 
of  its  motion,  or  to  its  weight  multiplied  by  the  square  of  its  velocity. 
In  almost  all  cae^es  of  the  forces  employed  in  practical  mechanics,  the  labour 
'  expended  in  producing  any  motion,  b  proportional,  not  to  the  momentum, 
but  to  the  energy  which  is  obtained ;  dnce  these  forcee  are  ssldom  to  be 
oomddeied  as  uniformly  accelerating  foreee,  but  generally  act  at  aome  dis- 
advantage when  the  vdodty  is  already  eonriderable.  For  instancy  if  it 
be  necessary  to  obtain  a  certain  velocity^  by  means  of  the  descent  cf  n 
heavy  body  from  a  height  to  which  we  carry  it  by  a  flight  of  steps,  we 
nuiHt  ascend,  if  we  wish  to  double  the  velocity,  a  qnadniple  ninobfr  of 
steps,  and  this  will  cost  us  nearly  four  limes  as  much  labour.  In  the  same 
manner,  if  we  pre«s  with  a  given  force  on  tl»e  jdiorter  end  of  a  lever,  in 
order  to  move  a  weight  at  a  greater  distance  on  the  other  side  of  the  ful- 
crum, a  certain  portion  of  the  force  is  expended  hi  the  pressure  which  b 
supported  by  the  fulcrunit  and  we  by  no  means  produce  the  sama  mo* 

*  Acta  Eradit.  Lips.  1C86. 

t  Ph.  Tr.  1776,  p.  450.  and  1782,  p.  337.   See  Desaguliers's  Exp.  Ph.  tL  92t 
■ad  Ph.  TV.  1723,  xwiAl  269,  285.    Eames  on  the  Force  of  Moving  Bodies,  Ph.  TV. 
ITT.  xxxiy.  188.    Clarke  in  Ph.  Tr.  1728.  Mxv.  381.    Zendrini,  Sulla  laaliliti' 
deik  Questiooe  Intomo  alia  MiMua  delle  Fone  Vivi,  Svo,  Vaaeaia,  1804. 
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MWhiuA  as  would  have  been  obtained  by  tiw  imme^ato  fletton  of  an  equal 

force  on  the  body  to  be  moved. 

An  ela'^tic  ball  of  2  ounces  weight,  movinp;  with  r  vfWity  of  f\  feet  in  a 
ptH'oiid.  ]"issc'8ses  an  energy,  a«  we  have  already  wen,  wliich  muy  be  ex- 
pres*»eil  l>y  iB.  If  it  strike  a  ball  of  1  ounce  which  is  at  rest,  its  velocity 
will  b«  reduced  to  1  foot  iu  a  tiecond,  and  the  smaller  ball  will  receive  a 
Telodtyaf  4liMt:  theencigyor  theftntbaH  will  then  be  uxpuMui!  by  2, 
and  tbai  of  liia  «o<md  by  making  iogelber  1%  as  before.  Tbe  mo- 
imntaun  of  the  laiger  ball  after  oolUiiaii  is  %  tiiat  of  the  smsller  4,  and  the 
som  of  these  is  equal  to  the  origfaial  momentum  of  the  first  balL 

Supposing  the  magnitude  of  an  elastic  body  which  is  at  rest  to  be 
infinite,  it  will  receive  twice  the  momentum  6f  a  small  body  that  strikes 
it;  but  its  velocity,  and  consequently  it>^  energy,  will  be  inconsiderable, 
since  the  enei^  is  exjjreaaed  by  the  product  of  the  momentum  into  the 
velocity.  And  if  the  larger  body  be  of  a  finite  magnitude,  but  still  much 
gisatar  than  tha  matSkit^  its  energy  will  be  ver^^  small ;  that  of  tho  smaller, 
wkaA  leboonds  with  a  vdooHgr  not  mnoh  kss  than  Its  original  velocity, 
bsing  but  little  dimlniiiMd.  It  is  for  this  lesson  that  a  man,  baTing  a 
hsaty  anvil  pb<tced  <m  his  chest*  ean  bear,  without  much  inconvenience,  the 
blow  of  a  large  hammer  striking  on  the  anvil,  while  a  much  slighter  blow 
of  the  hammer,  acting  immediately  on  his  body  would  have  fractured  his 
ribsi,  and  destroyed  his  life.  The  anvil  receives  a  momentum  nearly  twice 
a«  Great  as  that  of  tlie  iiammer  ;  but  its  tendency  to  overcome  the  strength 
uf  Liie  bones  and  to  cruah  the  man,  is  only  proportional  to  its  energy,  which 
ia  nearly  as  mudi  lam  than  liMt  of  tha  hammer,  is  four  times  the  wii|ht  of 
the  hammer  b  kss  than  tha  weight  of  tha  unTil*  Tlma,  if  the  wei^t  of 
the  hammer  were  6  pounds^  and  that  of  the  anvil  100^  the  energy  of  the 
anvil  would  be  less  than  [only]  one  fiftti  as  great  as  that  of  the  hammer, 
besides  soma  further  diminution,  on  aoooont  of  the  want  of  perfect  elas- 
ticity, and  from  the  effect  of  the  lai^r  surface  of  the  anvil  in  dividing  the 
pressure  occasioned  by  the  blow,  so  as  to  enable  a  greater  portion  of  the 
chest  to  cooperate  in  resistintf  it. 

When  a  body  strikes  another  in  a  direction  which  does  not  pass  through 
He  oentre  of  gravity,  the  eiftot  produoed  involves  the  oonsideration  of 
rotatory  motioD,  since,  in  this  esse,  the  body  is  mads  to  revolve  on  an  axis. 
But  this  ean  never  hiqppen  when  the  body  is  sphsricsl,  snd  its  sur£Me 
perfteUy  polished ;  dnee  every  impulse  must  then  be  perpendicular  to  the 
SBtliMa,  and  must  consequenUy  be  directed  to  the  centre  of  the  body.  If 
the  motion  of  a  ball  which  strikes  another  is  not  directed  to  its  centre,  the 
BUI  flic p  of  contact  Tim<t  1)6  obli«]ne  with  respect  to  it«?  motion,  and  the 
secoiiri  ],ail  will  only  receive  an  impulse  in  a  direction  perpendicular  to 
this  surface,  while  the  first  receives,  from  its  reaction,  an  equal  imj)ulse  in 
a  contrary  direction,  which  is  combined  with  its  primitive  motion.  The 
magnitude  of  this  impulse  may  be  determined  by  lewdving  the  motion  of 
the  first  ball  into  two  parts,  the  one  parallel  to  the  surface  of  contact,  and 
the  otiier  perpendicular ;  the  first  part  remaining  always  unaltered,  the 
second  being  modifi:  ]  Vy  the  collision.  If,  for  ttsmple^  the  balls  were 
equal,  this  second  part  of  the  motion  would  be  destroyed,  and  the  remain- 
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lug  moikm  woM  be  in  tihe  dtreetkm  of  the  Mrfiwe  ol  moIm^  «id  perpett- 
dicnlar  totfiat  of  Ihe  IjaII  impelled. 

Hence  it  follows,  thet  if  we  wkh  to  impel  a  biUiard  ball  *  in  a  given 
direction,  by  the  stroke  of  another  ball,  we  have  only  to  imagine  a  third 
ball  to  he  placed  in  contact  with  the  first,  iumiediatcly  Itehind  it  in  tlie 
line  of  the  required  motion,  an*!  in  aim  at  thr  c  t  nt  ri>  if  thi*  imaiiinarv  hall ; 
tiie  first  ball  will  tlien  l)e  impelied  in  the  required  (iin  t  tinn,  and  the  second 
will  alno  continue  lo  move  iu  a  direction  perpendicular  to  it. 

By  a  similar  resolution  of  the  motion  of  an  cleette  ball,  we  may  deter- 
mine its  path,  wImd  it  is  reflected  from  a  fixed  oteteele.  That  past  of  tha 
motieny  which  is  in  a  diieetion  paialld  to  the  lariaee  of  the  olwtaele^  re- 
mains undiminiihed :  the  motiim  perpendieolar  to  it  ia  changed  Ibt  att 
equal  motion  in  a  contrary  direction,  and  the  joint  result  of  these  consti- 
tutes a  motion,  in  a  direction  which  is  equally  inclined  to  the  mi  f;K  o  with 
the  first  motion,  fxit  nn  the  opposite  nide  of  the  perpendicular.  Of  this  we 
have  also  a  familiiir  uiJitance  in  tlie  motions  of  billiard  halls  ;  for  we  may 
observe,  tliat  a  l>ali  rebounds  from  the  cushion  in  an  angle  equal  to  that  im 
which  it  arrives  at  it ;  and  if  we  wish  tiiat  our  ball,  after  reflection,  should 
etiika  another  placed  ia  a  fghmt  gitnatt<m,  we  may  suppoea  a  tIM  bail  t* 
he  rftaated  at  an  equal  dietanee^  on  tiie  other  side  of  the  emhlony  and  aim 
at  tine  imagineiy  Ml :  oar  haH  will  then  stRilce  the  second  tadl,  after  r»* 
flection,  with  a  direct  impulse.  We  hen  suppose  the  reflection  to  take 
place  when  the  centre  of  the  ball  arrives  at  the  cushion,  while  in  fact  the 
surface  only  comf>H  i?ito  contact  with  it ;  if  we  wish  to  be  more  accurate, 
we  may  place  tin  imaginary  l>all  at  an  equal  distance  beyond  tho  centre  of 
&  ball  lying  in  contact  with  the  nearest  part  of  the  cushion,  mstead  of 
measuring  the  distance  from  the  cusluon  itself.   (Plate  V.  Fig.  73.) 

WlMnthe  nnmher  of  bodiss»  whioiitaset  eadi  otlnr,  is  greater,  and  their 
amgnitades  and  motiona  are  dmnified»  the  eaknlatien  of  tlm  eiilcts  el 
eelllwen  beeoaus  very  iatrioatt^  and  the  problem  ia  searody  apptteabie  to 
any  ptaoHoal  purpose.  Tlieae  who  are  desirous  of  pursuing  the  inwetign 
tion  as  a  mathematical  amusement,  will  find  all  the  assiatanae  thsA  thcjy 
require  in  tbe  pvoloand  and  elegsnt  worlm  el  Maolaaria. 
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ON  THE  MOTIONS  OF  CONNECTED  BODIES. 

The  motions  r>f  <?in{»le  bodies,  acting  in  any  manner  on  each  other,  which 
we  have  betMi  considering,  as  far  as  they  belong  to  the  effect**  of  collision, 
are  of  less  importance  to  j)ractiral  mechanics,  than  tiie  attections  of  such 
bodies  as  are  vmited,  so  aa  cither  to  revolve  round  a  common  c^itre,  or  to 
paiticipftte  in  each  other's  motiouit  by  any  kind  of  machinery. 

U  k  oaly  witfiiii  hdf  a  oe&tuiy,  thtt  tfaft  phenoiii^ 
loay  oMtiMi  have  Imoi  rafioifliitly  inrMtigatod.  Newton  committed  a 
miatake,  wUdh  ta  now  nnlvenaUj  acknowkdgad,  in  hia  oompntatioa  of  tha 
fveaeOMon  of  the  equinoxes,  for  want  of  attending  sufficieiitly  to  tlie  subject ; 
and  it  is  of  importance  in  the  calculation  of  many  of  the  effocla  of 
chanical  arrangements,  tliat  it  shoubl  l>e  treated  in  an  accnrate  manner. 

The  effect  of  a  moving  body  in  producing  nintinn  in  any  other  bodie«,  so 
coniu'fted  as  t«  be  cnpahle  of  turning  freely  ronin]  a  given  centre,  is  jointly 
propurtiouiil  to  its  distance  from  that  centrf,  ami  to  its  momentum  in  the 
direction  of  the  motion  to  be  produced.  Thua  a  body,  of  one  pound  weight, 
moiTiBg  wflii  a  Tikcity  of  ona  foot  in  a  seeoady  will  liava  tliiaa  tamaa  aa 
gnat  an  eflfiMi  on  a  iiyilem  of  bodiai,  to  wUoh  ito  w^la  fovoa  la  ooamvai- 
oaled,  at  tlia  diitiiiea  of  ona  ynd  fimn  the  eaaln  of  Hieir  motion,  aa  tf  it 
adedonijraithadiataiweof  albat^ontliaaamaiyatemof  bodies:  a  double 
weight,  or  a  donUe  velocity,  would  also  produce  a  double  effect.  For, 
supposing  two  unequal  bodies  to  be  connected  by  an  inflexible  line,  and  to 
more  with  equal  velocities  in  a  direction  perpendicular  to  that  of  the  line, 
it  is  demonstrable,  fnun  the  principles  of  the  compoaition  of  motion,  tliat 
they  may  be  wholly  stopped  by  an  obstacle  applinl  t  o  the  centre  of  gravity, 
consequently  their  effects  in  turning  the  line  round  tiii^  point  are  equal ; 
hare  the  momenta  are  proportional  to  the  weights,  hjii  the  produeta  obtained 
by  mnhiplyiiig  tium  by  fha  dieCaaoea  ftmn  the  cenfao,  ai  which  they  act» 
arc  equal :  tiiaea  prodnete  thcMfoie  vepveeeiil  the  niimf  power  of  the 
iiipeeti<fe  badica»  Heooa  In  a  aennaeled  ayetem  of  bodies  larohing  rawnd 
n  gi^vn  poiaty  with  aqual  aagriar  TilocHies,  the  effect  produced  by  the 
rotatory  motion  of  eaok  body,  as  well  as  the  force  which  is  employed  in 
producing  it,  is  expressed  by  the  product  of  the  mass  multiiibod  by  the 
square  of  the  velocity,  since  thr>  velocity  is  in  this  case  proportional  t  ^  the 
distance  from  tlie-  centre  ;  and  this  product  is  the  same  that  I  have  denomi- 
nated the  tuergy  of  a  moving  body. 

These  propoeitionB  are  of  great  use  in  all  inquiries  respecting  the  openii- 
tiona  of  madiinee ;  and  it  ia  of  importanoe  to  bear  in  mind,  that  although 
the  eqnilibitam  of  a  ayatem  of  bodies  ia  determined  by  the  equality  of  the 
ptodnola  of  their  weights  into  their  efiective  distanoea  on  each  aide  of  the 
centre,  yet  that  the  estimation  <tf  Hie  mechanical  power  of  eadi-  body,  when 
once  in  motion,  refjuires  the  mass  to  be  multiplied  by  the  square  of  the 
distance^  or  of  the  velocity*  For  this  reason,  together  with  aome  others^ 
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which  haye  beea  already  mentioned,  soiue  have  considered  the  square  of  the 
vdodty  as  aSbrdiog  die  trae  mauove  of  Ibroe ;  but  the  properties  ef 
motioii,  concerned  in  the  detennination  of  lotatoiy  power,  are  in  reality 
no  more  than  necessaiy  oonseqnenees  ef  the  simpler  laws  on  which  the 
whole  theory  of  mechanics  is  founded. 

The  eflFects  of  rotatory  motion  may  be  very  conveniently  examined,  by 
means  of  an  apparatus  similar  to  that  which  was  employed  for'the  same 
purpose  by  Mr.  Snieaton.*  A  vertical  axis  is  tunied  by  a  thread  passing 
over  a  pulley,  and  supporting  a  scale  with  weights ;  the  thread  may  he 
applied  «t  diferent  parts  of  the  axis,  having  different  diametern,  and  the 
axis  supports  two  arms^  on  which  two  leadsn  weights  are  fixed,  at  distanees 
whidi  may  be  Taried  at  pleasure.  The  same  fores  will  tiien  ^odoce^  in 
the  same  time^  but  half  the  vdocity,  in  the  same  rituation  of  the  weights, 
when  the  thread  b  ap^isd  to  a  part  of  the  axis  of  half  the  diameter :  and 
if  the  wci;^hts  are  removed  to  a  double  distance  from  the  axis,  a  (luadruple 
forcp  will  })«  re<|xiired,  in  order  to  produce  an  equal  angular  velocity  in  a 
given  time.    (Plate  V.  Fig.  74.) 

When  a  number  of  connected  bodies,  or  a  single  body  of  considerable 
magnitude^  is  made  to  revolve  round  a  centre,  it  is  sometimes  necessary  to 
Inqnirs  into  what  pouit  thdr  msnetw  might  be  supp<Msd  to  be  concentiiKted 
■o  as  to  piesenre  the  same  fotatoiy  power  with  the  same  angular  Telocity. 
This  point  is  called  the  centre  of  gyratiim.  In  a  circle,  or  any  portion  of  a 
circle,  turning  round  its  centre,  the  square  of  the  distance  of  this  |K)int  from 
the  centre,  is  half  the  square  of  the  semidianieter  ;  and  the  whole  effect  of 
the  momentum  of  the  circle  upon  an  obstacle  at  its  circumference,  i<  exactly 
half  a.s  great  as  that  of  an  equal  quantity  of  matter,  striking  the  obstacle 
with  the  velocity  of  the  circumference. 

There  is  another  point,  of  which  the  determination  is  ef  eoosldstmUe 
utility  in  many  mechanical  problenis:  this  is  the  centrs  of  pereosrien ;  or 
the  point  at  which  an  obetade  must  beappfied,  in  order  to  receive  tlie  whole 
efleet  of  a  stroke  of  a  body  which  is  revolving  round  a  given  centre,  with> 
out  producing  any  pressure  or  strain  on  the  centre  or  axis  of  motion.  In 
a  straight  line,  or  a  slender  rod  fixed  at  one  extremity,  the  distance  of  this 
point  froTn  the  centro  of  motion  is  twu  tltiHs  nf  the  whole  length. 1" 

The  same  point  is  also  the  centre  of  osciiiation,  the  distance  of  which 
determines  the  time  of  oscillation  or  vibration  of  the  body,  suspended  as 
a  pendulum  upon  the  given  centre  of  motion.^  It  may  easily  be  shown 
that  a  rod  a  yard  long,  and  of  equable  thickness,  suspended  at  one  ex- 
tremity, vibrates  in  the  same  time  as  a  ball  snspsnded  by  a  thread  of  which 
tile  length  is  two  feet  But  if  the  rod  were  suspended  on  a  cmtre  at  some 
point  within  its  extremities,  the  time  of  its  vibration  would  be  prolonged, 
SO  as  to  become  equal  to  that  of  a  simple  pendulum  of  much  greater  length. 

*  Ph.  Tr.  1776,  LnL        sad  plsts.  See  sa  it*m8«^o«  of  gu.  paper  hi 

Atwood,  p.  382. 

t  Lttbire,  UiaU  ct  Mem.  Pam,  ix.  175.  Parent,  ibid.  1700,  H.  149.  Bernoulli, 
ibid.  1703,  pp.78,278,H.  114;  1704,  p.  W,  H.  89.  Clidrmt,iUd.l73&,  p.  281, 
U.  92. 

I  Huygeua,  Hi«t.  et  M^.  de  I* Acad.  x.  446,  462,  and  Hor.  Oac.  121.  JohnBer- 
ds  NetwA  CSatri  OsdL  1714.  Tqrier,  A.  T^.  1713. 
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Thismty  1w  iUnatcaled  by  two  balls  fixed  at  the  end  of  atod,  witli  a  ttnin 
of  nupoision  moTeable  to  an  j  part  of  the  rod,  for  as  the  centre  approaches 
the  middle  of  tb«  rod»  the  Tibntions  an  lendexed  extremely  alow.  (Plato  V. 

Fig.  7.5.) 

The  rotatory  motion  of  LjoUies  not  fixed  on  an  axis  mi^:ht  he  considered 
in  this  place,  but  the  subject  involves  in  its  whole  extent  some  intricacy  of 
calculation,  and,  except  in  ai^truuouiy,  the  investigation  is  scarc«^ly  ap- 
pBcable  to  any  proUemB  mhidck  ooenr  la  practiee.  We  nay,  however, 
fixamlne  a  few  of  the  simplest  easBB.  If  two  bodies  be  supposed  to  be  con- 
nected by  an  inflexible  iine,  and  to  be  moving  with  eqnal  veloeltiee  in 
parallel  diieetions ;  if  an  inunoTiable  obstacle  be  applied,  so  as  to  form  a 
fblcnim,  at  the  oonunon  eooAie  of  gravity,  they  will,  as  we  have  ahready 
seen,  be  wholly  stopped  ;  but  if  the  fulcrum  he  applied  to  any  other  pfirt  of 
the  line,  one  of  tlie  bodies  will  move  forwards,  and  the  other  l)ackwards,  with 
a  velocity  which  may  easily  be  determined  hy  calculating  their  rotatory 
power  with  respect  to  the  fulcrum.  If  the  fulcrum  be  applied  at  a  point 
of  tlie  line  continued  beyond  the  bodies,  tlie  one  will  lose  and  the  other 
gain  velocity ;  ^ce  the  qnaatity  of  rotatory  power  will  always  remain 
unaltered :  that  point  only  which  is  denominated  the  centre  of  oeoillation 
retaining  its  original  Tdoeity.  Now  the  same  inequality  in  the  motion  of 
the  bodies,  and  consequently  the  same  angular  vdocUy  of  rotation  vrill  be 
produced,  if  the  connected  bodies  be  initially  at  rest>  and  the  fulcrum  be 
applied  t^)  them  with  the  fame  relative  velocity.  For  example,  if  a  strniiiht 
^rod  or  wire  receive  an  impulse  at  one  end  in  a  transverse  direction,  the 
centre  of  oscillation,  which  is  at  the  distance  of  two  thirds  of  tiie  length 
from  the  end  sti  uck,  will  at  the  first  instant  remain  at  rest,  consetpiently 
the  centre  will  move  with  one  fourth  of  the  velocity  of  the  impuL^e,  and 
this  nwst  be  thevdodty  of  the  progressive  motion  of  tiie  rad,  sineethe 
eeatre  of  gravity  of  any  body  which  Is  at  liberty  moves  always  with  an 
equable  Telocity  in  a  right  line,  while  the  whole  rod  will  also  revolve 
equably  round  its  centre,  except  such  retardations  as  may  arise  from 
fureii^u  causes.  In  a  similar  manner  the  computation  may  be  extended  to 
bodies  of  a  more  complicated  form.  Thus  it  has  been  calculated  at  what 
point  of  each  ydanct  an  impulse  must  hare  operated,  in  order  to  communi- 
cate to  it  at  one  Idow  its  rotation  and  its  proi^ressive  motion  in  its  orbit-* 

Thos(»  who  have  asserted  that  the  motion  of  the  centre  of  gravity  of  a 
l>u(ly  can  only  be  produced  by  an  impulse  which  in  either  wholly  or  partly 
directed  towards  it,  have  obviously  been  mistaken.  The  centre  of  oscilla- 
tion is  the  only  point  which  remains  at  rest  with  regard  to  the  flrst  effoet 
of  the  stroke,  and  tlie  centre  of  gravity^  which  never  coincides  with  the 
centre  of  oeeillation,  moves  in  the  direction  of  the  impulse^  while  the  parte 
beyond  the  centre  of  oscillation  begin  to  move  in  a  contrary  direction. 
Hence  it  is  that  a  thin  stick  may  be  broken  by  a  blow  on  the  middle,  with- 
out injurinp-  the  glaasen  on  which  it  is  supported  :  for  the  ends  of  the  stick, 
instead  t>f  lieitisr  depressed  l>y  the  stroke,  would  vise  with  half  the  velocity 
of  the  body  which  strikes  them,  if  the  two  portions  were  separated  without 

.  *  John  UcrimuUi,  Op.  vol.  4,  281.    t'onsult  Wbewell,  Dynunics,  1823,  c.  8. 
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the  loM  of  any  force.  Batviikss  some  art  Iiab  been  preTioiiily  ctcployei! 
in  prodncing  a  partial  separation,  it  will  frequently  be  found  that  ih«  stack 

has  strenq^th  cnoti:,'h  to  break  the  j^lasses  before  it  pives  way. 

Wbcn  an  iir-uliited  IhxK'  revidves  round  an  axis  in  vinv  direction,  tlie 
state  of  revolution  cannot  be  permanent,  unless  the  axis  be  ho  situated  tliat 
the  centrifugal  forces  on  each  side  of  it  Itolance  cac-li  other.*  It  is  obviuua 
that  this  must  happen  in  a  homogeneous  sphere,  whateTtr  may  ha  the 
attoatioii  of  the  aada ;  and  it  haa  been  damonatnled,  that  when  the  body 
is  of  an  umgular  fonn,  then  am  at  leaat  three  difiinent  axe^  iitQated  «t 
right  angles  to  each  other^  round  whicli  the  body  may  revolve  in  an  equi- 
librium  either  stable  or  tottering.  It  may  also  be  shown  that  if  a  body, 
revolving  round  any  axis,  receive  at  the  same  time  an  impulse  which 
would  cause  it  to  revolve  round  a  second  axis  in  another  direction,  the  two 
revolutions  wiii  In?  combined,  ami  wili  form  a  siuLdp  rev.dution  r»)und  a 
tliird  axis  in  an  iuturmediatc  position,  which  will  remain  at  rest  until  it  be 
displaced  by  some  new  force,  provided  that  it  be  one  of  the  axes  of  pemuu^t 
revolntaoa :  so  that  no  body  oan  rsfolve  round  a  moreable  axis  without  a 
eootinnal  disturbing  force*  And  wlien  an  irregular  body  begins  to  move  on 
an  axis  incapable  of  equilibrium,  its  levolutlon  will  be  gradually  altered, 
eo  as  to  approach  oonlinnally  to  a  revolution  round  one  of  the  natural 
axes  ;  hut  it  will  never  pass  beyond  the  state  of  ecjuillhrium,  as  in  many 
otlier  cases  of  deviation  from  such  a  Ktate  •.  -ince  the  momr ntnm  pro- 
duced by  the  excess  of  centrifugal  force  in  one  part  of  the  revolution  is 
destroyed  in  another.  For  a  similar  reaaou,  if  a  ntick  be  thrown,  in  a 
horiaontal  position,  with  a  rotatory  motion,  it  wiU  fall  in  the  same  position 
much  more  certainly  than  if  it  were  thrown  without  any  rotation ;  for 
any  small  disturbing  fiaree^  which  might  be  sufficient  to  turn  it  into  a  verti* 
cal  position  during  the  eoune  of  its  path,  will  only  produce,  when  com- 
bined with  the  rotatory  motion,  a  slight  change  of  the  direction  of  the  rota- 
tion, whi(  h  will  confine  the  deviation  of  the  stick  from  a  horizontal  posi- 
tion vvithni  narrow  limits. 

The  subject  of  preponderance,  or  of  the  action  of  weijrhts  or  forces  coxm- 
teracted  by  other  forces  and  incumbered  with  foreign  matter  to  be  put  in 
motion,  requires  for  its  discutinion  a  previous  knowledge  of  the  simple 
operation  of  forees,  of  the  oonditbns  of  equilibrium,  and  of  the  estimation 
of  rotatory  power.  The  eonsiderBtion  of  the  eiftcts  of  preponderance 
enables  us  to  detennine,  in  some  circumstances,  the  best  possible  proper- 
tbns  of  the  powers  of  machines  for  producing  the  required  eflfects  in  the 
most  advantageous  manner.  For,  in  order  that  motion  may  h<»  produced,  it 
is  not  sufficientth.it  ihcvp  be  an  equilibrium,  in  pr  k  iirinir  which  a  part  only 
of  the  power  is  expended,  but  there  must  l>e  nit  i  \<  i  hs  of  force  alwve  that 
which  wuuki  be  necessary  for  the  equilibrium;  and  it  is  often  uf  con- 
eequence  to  know  what  portion  of  the  power  must  be  employed  in  each 
way,  in  order  that  the  greateil  elftet  may  be  pmdneed  in  a  given  time. 
We  are  sometimes  told,  that  what  we  gain  in  power  we  lose  in  time.  In 

*  Segner,  de  Motn  Turbmum,  Bdle,  1755,  iirst  pointed  oat  the  three  natural 
axes  of  rotation  of  all  bodies.  Their  existence  was  demonitnted  by  Baler  m  1700. 
See  Hilt,  et  lUm.  de  1' Acad.  1758,  p.  IM  i  1760,  p.  170. 
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4Nie  wmm  indeed  tlie  xemaik  it  true ;  time  one  man  can  di>  no  more  hy  a 
poverfnl  machine  in  ten  bonn,  than  ten  men  can  do  by  a  weaker  machine 
in  one  hour  ;  but  in  other  senses  the  assertion  is  often  erroneous  ;  for  by 

increasing  the  mechanical  advantairc  to  n  trivon  (le!rret»  «e  may  in  some 
cases  consid^bly  iucreaee  the  performance  of  a  machine  without  adding 
to  tlie  force. 

According  to  the  nature  of  the  force  employed,  and  Lo  the  construction 
of  the  machine,  a  dsffivent  ealcnlatlon  may  be  required  for  finding  the  beet 
propoitiona  of  tlie  Ibieea  to  be  employed ;  but  a  ftw  aimple  inataneea  will 
terye  to  ehow  the  nature  of  the  determination.  Thtt8»  in  order  that  a 
wnylLw  woght  may  raise  a  greater  to  a  given  vertical  height^  in  the 
shortest  time  possible,  by  means  of  an  inclined  plane,  the  length  of  the  plane 
must  be  to  its  height  an  twice  the  greater  weight  to  the  smaller,*  so  that  the 
acting  force  may  he  twice  a?  'sn-at  nn  that  which  't^  8ini])ly  required  for 
the  equilibrium.  This  may  i>e  .ihuwn  experinientaiiy,  by  causing  tliree 
equal  weights,  supported  on  wheels,  to  ascend  at  Uie  same  time  as  many 
inclined  planea  of  the  eame  height  bnt  of  diffisrent  lengtlui,  by  means  of 
flie  descenlol  three  other  equal  weights,  connected  wiUi  the  former  three 
bj  tiireade  passbg  over  pnlUes.  The  loigth  of  one  of  the  planea  is  twice 
ite  height^  tiiat  of  another  considerably  more,  and  that  of  a  third  less  :  if 
the  weights  begin  to  rise  at  the  same  time,  the  first  will  araive  at  the  top 
before  either  of  the  others.    (Plate  V.  Fig.  76-) 

If  a  given  weight,  or  htiv  ernitv;ilent  force,  l)e  employed  to  raise  another 
equal  weight  by  means  of  levers,  wheels,  pullies,  or  any  similar  powers, 
the  greatest  eflFect  will  be  produced  if  the  acting  weight  be  capable  of  sus- 
taining in  equilibrium  a  weight  about  twice  and  a  half  as  great  aa  itself* 
This  proposition  may  be  Teiy  satis&etorily  iUnstnited  by  an  experiment. 
Three  doable  pnlliee  being  placed,  independently  of  eadi  otheiv  on  an  asi% 
Toond  which  they  move  freely,  the  diameters  of  the  two  cylindrical  por> 
tione  which  compose  the  first  being  in  the  ratio  of  3  to  2,  those  of  the 
second  as  />  to  2,  and  those  of  the  third  as  4  t^)  1,  six  cqnal  weights  arc 
aftn<'lu'd  t  )  them  in  pairs,  so  that  tlircr  may  he  raised  hytlir-  dchCtnit  of  the 
other  tliree,  on  the  principle  of  tlie  wheel  and  axis.  If  then  we  hold  the 
lower  weights  by  means  of  threadti  or  otherwise,  and  let  tliem  go,  so  that 
they  may  begin  to  rise  at  the  same  instant,  it  will  appear  evidently  that 
the  middle  pulley  raises  Its  weight  the  faeteet ;  and  cooeequently,  that  in 
this  cae^  the  ratio  of  to  S  is  more  advantageons  than  either  a  mncli  less 
or  a  mndk  greater  ratio.  If  the  wdght  to  be  raised  were  Tery  great  in  pn^ 
portion  to  the  descending  weight,  the  arrangement  ought  to  besndi  that  thia 
weight  might  retain  in  equilibrium  a  weight  about  twice  as  great  as  that 
whic)i  !s  actually  to  he  raised.  If  tl\e  descending  weight  were  a  hundred 
times  a-s  great  as  the  ascending  weight,  the  greatest  velocity  would  be 
obtained  in  this  case,  by  making  Hie  descending  weight  cajjahle  of  holding 
in  equilibrium  a  weight  one  ninth  as  great  as  itself.   (Plate  VI.  Fig.  77.) 

The  proportion  leqnired  for  the  greatest  eflbct  is  somewhat  diffiufenl^ 
when  the  heighta  through  whicli  both  the  weighte  are  to  move  are  limited, 
as  they  naoally  mnst  be  in  practical  cases.  Here^  if  we  sappooe  the  opera- 

*  Whevell's  Ujn,  e.  4,  §4. 
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tion  to  be  eontiBually  repeated,  the  efiect  will  be  greatest  iu  a  giten  liiiie^ 

when  the  ascending  weight  is  between  two  thirds  and  one  half  of  the  exact 
counterpoise  to  the  descending  weight.  If,  however,  the  force  were  accn- 
niuiated  dnrintr  the  action  of  the  machine,  there  would  he  no  limit  U)  the 
advantage  of  ji  slow  motion.  Thus,  if  we  have  a  stream  of  water  filling  a 
single  reservoir,  which  is  to  raise  a  weight  by  means  of  its  descent,  the 
proportion  here  aangned  will  be  the  beat  for  perfonniiig  the  snort  work  in 
•  given  time ;  bvtif  we  choee  to  doable  oar  medune^  eo  thai  one  leMrroir 
.  ehouM  be  filled  daring  the  deaoent  of  another,  it  would  be  proper  to  pro- 
portion the  wdjghte  in  vudi  a  manner  that  the  whole  time  required  for 
filling  one  of  the  reeerrein  ahoald  be  oeeupied  in  the  deaoent  and  the  re* 
aeceiit  of  the  other. 

In  all  these  caws,  if  great  ;m  uracy  were  re(iuireti,  it  wmihl  Ijc  necessary 
in  the  calculation  to  hcM  to  the  mass  t<»  he  moved  tlie  4uantity  uf  moveable 
matter  in  the  uiuchiue,  reduced  to  a  mean  distance  from  the  fulcrum  or 
oentv^  according  to  ite  rotatny  power,  in  the  aame  manner  aa  the  oentreof 
gyration  is  detennined.  Bat  there  is  seldom  occasion  for  such  a  degree  of 
precision.  The  magnitnde  of  the  pressure  which  b  exerted  on  the  fulcram 
doling  the  motion  of  the  connected  bodies  may  always  be  determined,  by 
comparing  the  actual  velocity  of  the  centre  <tf  gravity  with  that  of  a  body 
descending  without  resistance. 

These  propositions  and  experiments  must  he  allowed  to  re(|uirc  an  atten- 
tive consideration  Irom  those  who  are  engaged  in  ])ractical  mechanics  ;  and 
it  is  natural  to  suppose  that  the  proportions  laid  down  may  be  adopted  with 
aafety,  and  employed  witii  ancces^  and  that  we  may  sometimes  derive 
important  advant^ee  from  thnr  application.  Bnt  on  more  mature  consi- 
deration,  we  shall  iind  some  practical  reasons  for  caution  in  admitting  them 
without  material  alterations.* 

If  a  machine  were  constructed  for  raising  a  solid  weight,  and  so  amnged 
as  to  perform  its  office  in  the  shortest  possihle  time  with  a  given  expense  of 
power,  the  weight  would  Htill  possess,  when  it  arrived  at  the  place  of  its 
destination,  a  considerable  and  still  increasing  velocity  :  in  order  that  it 
might  retain  its  situation,  it  would  be  necessary  that  this  velocity  should 
be  destroyed ;  if  it  were  suddenly  destroyed,  the  machinery  would  undergo 
a  strain  wbidi  might  be  very  injurious  to  it ;  and  if  the  velocity  were 
gradually  diminiahed,  tiie  time  would  no  longer  be  the  same  as  is  supposed 
in  the  calculation.  'In  the  second  place,  the  forces  generally  employed  are 
by  no  means  uniformly  accelerating  forces,  like  that  of  gravitation,  to  which 
the  propositions  which  we  have  heen  considering  are  adapted :  they  are  not 
only  less  active  when  a  certain  veloeity  has  once  been  attained,  but  they  are 
often  capable  of  a  temporary  iucrease  or  diminution  of  intensity  at  pleasure. 
We  have  seen  the  inconvenience  of  producing  a  great  final  veloeity,  on  ac- 
count of  its  endangering  the  stmotore  of  the  machine  :  if  therefore  our  pep- 
manent  Ibroe  be  calculated  according  to  the  common  rule,  so  as  to  be  able 
to  the  equilibrium,  and  overcome  the  fiiotion,  the  momentum  or  < 

inertia  of  the  weights,  when  once  set  in  motion,  will  be  able  to  sustain  that 

*  Coniolt  S.  Gcave8iiidfl*s  NsL  Fh.  i.  e.  21.  Bvlsr,  Ac  BsrU  1748.  Bltke, 
Ph.  IV.  1759. 
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motion  equably  ;  and  it  will  not  be  t^iffirult  to  give  them  a  sufficient  mo- 
mentum, hy  a  greater  exertion  of  tlie  nioviii^r  force  for  a  short  space  of 
time,  at  the  beginning :  and  this  is  in  fact  the  true  mode  of  operation  of 
many  machine  where  animal  strength  h  employed.  Other  forces,  for 
inflUiioe  those  of  wind  and  witer,  regubtt  Hbaagehm  in  aonie  ummn,  at 
leaat  with  rapeet  to  the  rdaUye  velocity  of  the  nSh  and  the  wind,  or  the 
floatlMMunis  and  the  water ;  for  we  may  eanly  kicreaee  the  renetanoe  until 
the  meet  adyantageous  eflfect  is  produced.  Many  authors,  considering  the 
pressure  of  a  stream  of  water  as  analogous  to  the  impulse  of  a  number  of 
unconnected  particles  striking  the  floatboards  and  then  ceasing  to  produce 
any  further  effect,  have  inferred  that  the  force  obtained  by  such  an  impulse 
mnst  be  ;)s  the  stuiare  of  tlu"  relative  veloi-ity,  and  that  the  effect  of  an 
iin'b^rshoi  wheel  nm^t  be  the  most  julvantageouii  when  its  velocity  is  one 
tiiird  of  that  of  the  stream  :  but  it  will  liereafter  appear,  that  tliis  estima- 
tion of  hydraulic  force  is  by  no  means  accurate.  If  we  compare  the 
greatest  Telocity  .with  which  a  man  or  a  horse  can  mn  or  walk  without 
fiitigue,  to  the  vdocity  of  the  stream,  and  tiie  actual  Telocity  of  that  part  of 
the  machine  to  which  the  force  is  applied,  to  the  Telocity  of  the  floatboards 
<rf  a  water  wheel,  the  strength  which  can  be  exerted  may  be  represented^ 
acc(»tiing  to  the  experiments  •  f  Tne  authors,  by  the  impulse  of  the  stream 
as  Fupposed  to  be  proportion t\l  to  the  square  of  the  relative  velocity  ;  con- 
8e<[uently  tlie  same  veloeity  would  be  most  advanta:reuus  in  both  eases,  and 
the  man  or  horse  ought,  according  to  these  experiments,  to  move,  wlien  his 
force  is  applied  to  a  machine,  with  one  third  of  the  velocity  with  which  he 
could  walk  or  run  when  at  liberty.  This,  for  a  man,  would  be  about  a 
mile  and  a  half  an  hour ;  for  a  hora^  two  or  three  miles :  but  in  general 
both  men  and  horsee  appear  to  work  most  adyantageously  with  a  Telocity 
somewhat  greater  tiian  this. 

Where  a  uniformly  uecelerating  force,  like  that  of  graTitation,  is  em- 
ployed in  machines,  it  might  often  be  of  advantage  to  regulate  its  opera> 
tion,  so  that  it  might  act  m  arly  in  the  same  manner  a««  the  forces  that  we 
hnve  been  considering;  at  Hr^t  with  y^reater  intensity,  and  afterwanls  with 
Kutib  ient  power  to  sustain  the  equilibrium  and  overcome  the  friction  only. 
This  rnia'ht  V»e  done  by  means  of  a  spiral  barrel,  like  the  fusee  of  a  watch  ; 
and  a  similar  modihcatioa  has  sometimes  been  applied  by  causing  the 
aecending  weight,  when  it  arriTes  near  the  place  of  its  destination^  to  act 
on  a  counterpoise,  which  remsts  it  with  a  force  continually  increasing,  by 
the  operation  of  a  barrel  d  the  same  kind«  so  as  to  preTent  the  effect  of 
the  shock  which  too  rapid  a  motion  would  occasion. 

On  the  whole,  wc  may  conclude,  that  on  account  of  the  limited  velocity 
which  is  usually  admissible  in  the  operation  of  marhinef,  a  very  sinal! 
|Kirtion  of  the  inovinq-  force  is  expended  in  ])roducing  momentum  ;  the 
velocity  of  .*]  miles  an  li  arr  would  Iw  generated  in  a  heavy  l>ody,  descend- 
ing by  its  own  weight,  in  oue  «M.-venth  of  a  »<'coud,  and  u  very  short  time  is 
generally  sufficient  for  obtaining  as  rapid  a  motion  as  the  machine  or  the 
nature  of  the  force  will  allow ;  and  when  this  has  been  effected,  tiie  whol^ 
force  is  employed  in  maintaining  the  equilibrium  and  OTercoming  the 
reeistance :  so  that  the  common  opinion,  which  has  probably  been  formed 


Digitized  by  Google 


TO 


LBCTURB  IX« 


vk-ithotit  entering  niinutviy  into  the  consiileration  of  the  sul  jcct,  aiul  wliich 
appears,  when  fknt  vvc  examine  iU  foundatioa  with  accuracy,  to  lead  to 
inaA«lAlcfrai%  it  in  great  BMmre  jutified  bj  a  man  pvofiniBd  isiMti- 

To  wekHor  A  aoniM  d  motioii  in  tiMooiiilnctkin  cf  a  inaditiie,  bdimya 
a  gMMB  ignonunee  of  the  piinciples  on  which  aU  machines  operate.  The 
only  inteiMft  tliat  we  can  tal»  in  the  projects  which  have      n  tried  for 

procuring  a  perj>otual  motion,  most  nri-i^  from  the  opportunity  tlint  tliey 
affi>r(l  us  to  observe  the  weakne«»s  of  human  reason  ;  to  see  a  man  spending 
whole  years  iu  the  pursuit  of  an  object  which  a  week's  apiilication  to 
sober  philosophy  nugiii  have  convinced  hiiu  wati  unattainable.  The  mxxt 
aatiaCMtory  confatation  of  tlio  notion  of  the  po«ilii]%  of  a  perpetnal 
motion,  b  ^erivod  from  the  oonaidoiaiaon  of  the  properli«  of  the  oentrc  of 
graTity :  we  have  only  to  e«imine  wiielliir  it  will  b^gia  to  deieend  or  to 
aoecod,  when  the  machine  moTee,  or  whether  it  will  remain  at  rest.  If  ti 
he  so  ph&ced,  that  it  must  either  remain  at  rest  or  asoend,  it  ie  dear,  from 
the  laws  of  e<|uiHbrium,  that  no  motion  derivoil  from  pra\'itation  can  take 
place  :  if  it  may  descend,  it  nuist  either  continue  to  dei>cend  fur  ever  with 
a  finite  velocity,  which  ia  imj»o.->s>ii)le,  or  it  mu^  first  descend  and  then 
ascend  with  a  vibratory  motion,  and  then  the  case  will  be  reducible  to 
that  of  a  pendohmiy  where  It  Ie  ohvkme  that  no  new  molien  Is  genen^ed, 
and  that  the  friction  end  leeietanoe  of  the  air  moot  eoon  destroy  the 
origlnel  motion.  Onoof  the  moot  common  fallariee,  by  which  the  enper* 
ficial  projectoiv  of  machines  for  obtaining  a  petpctnal  motion  have  been 
deluded,  has  arisen  from  imagining  that  any  number  of  weights  ascending 
by  a  certain  path  on  one  si,|,.  of  the  centre  of  motion,  and  desi-ending  in 
the  other  at  a  trreater  distance,  must  cause  a  cnnrtant  pre]-  TK^rraiK  c  on 
the  side  of  Uie  descent :  for  this  purpose  tlie  wt-itrlits  have  either  Uet  ii  hxed 

*  on  hinges  which  allow  them  to  fall  over  at  a  ccrtam  point  so  as  U>  become 

more  distant  from  the  centre,  or  made  to  elide  or  roll  along  grooTes  or 
planes  which  lead  them  to  a  more  remote  part  of  the  wheel,  from  whence 
thQT  retnm  aathey  eeeend :  bat  it  will  appear,  on  the  Impectbn  of  audia 

^  machine,  that  elthoiif^  some  of  the  we|gfate  are  more  distant  from  the 

centre  than  others,  yet  there  is  always  a  proportionally  smaller  number  of 
them  on  that  "^idf  on  which  they  have  the  greatest  power ;  so  t!uit  theet 
circumstances  precisely  counterbalance  each  other.   (Plate  Yl.  Fig,  78.) 


Lbct.  IX.— ADOmOMAL  AUTUORITISS. 

Lagrange,  Hist,  ct  M^.  de  Berlin,  1773.  p.  85.  Landen,  New  Theory  of  Ro- 
tatory Motion,  Ph.  Tr.  1777,  p.  266 ;  1785,  p.  311.  Vince,  Ph.  Tr.  1 780,  p.  546. 
RolNKni,  Boeye.  Brit.  Ait.  Rotation.  Trma^xtt  mr  Ie  Rotat.  d'nn  Corp?,  4to,  Par. 
181.1.    Raeb,  Dc  Motu  Gyratorio,  Trajecti  ad  Rhcnuni.  1834. 

Roiaiion  wUk  Pro^reitiom,  D.  Bernoulli,  Comm.  Petr.  xiii.  94.  Euler,  xiii.  220, 
sod  Acta  BeCr.  it  II.  162;  1781,  v.  11.131 ;  1782,  n.  1.  117,  II.  107;  1783,  1. 
119;  1797,  V.  149.  Fuss,  ibid.  176,  and  1788,  vi.  172  T  i  oay  ev  k  MoweOMnt 
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Digitized  by  Google 


71 

LECTURE  X. 


ON  DRAWING,  WRITING,  AND  MEASURING. 

Hatiho  invettigated  all  the  general  principles  and  laws  of  motion,  and 
of  mechanical  power,  we  may  now  proceed  to  the  consideration  of  j  arti- 
cular  ^ppartinpiits  f>f  priM;tical  mechanics.  But  Icf  l  e  we  can  satiBfactorily 
compare  llie  various  forces  whidi  we  are  to  eiopluy  or  to  oppose,  we  must 
liave  some  mode  of  dctcrmiinng  their  maguitudt! ;  and  we  mubt  begin  by 
examining  the  spaces  which  are  measures  of  their  action :  a  knowledge  of 
the  instnuMitto  employed  for  ddineation^  wad  of  the  rales  of  perspective 
projeetioii,  ie  also  neceinrOy  leqniied  u  a  prenone  step  in  the  study  of 
pnetiesl  meehsnios.  We  have  fhefefoie  to  conrider,  as  pniiiniiiaty 
■abjeets^  fiisl^  the  arts  which  may  be  expressed  by  the  terms  instrumental 
geometry,  or  the  gecunetry  of  mechanics :  secondly,  statics,  or  the  mode 
of  ascertaininj^  the  magnitude  of  wei^'l^ts  juid  of  other  active  forces  ;  and 
thirdly,  thr  examination  of  the  ])a.ssive  strength  of  materials  of  various 
kinds,  and  of  the  negative  force  of  friction. 

The  art  of  drawing  can  scarcely  be  distinguished  by  any  correct  defini- 
tion from  painting.  In  its  simplest  state,  when  we  merely  imitate  an 
odginal  laid  before  vs,  H  is  called  copying  ;  and  in  writing,  we  only  copy 
the  letters  of  the  slphabet  If  we  proceed  in  a  mathematieal  manner  in 
the  operaticn  ef  drawing,  we  requite  a  nnmber  of  geometrical  instrameht% 
which  are  sfill  more  necessary  for  the  first  constniction  of  diagrams  or 
figures.  In  modelling  and  sculpture,  a  solid  is  simply  imitated ;  but  when  a 
solid  is  represented  on  a  plane,  the  principles  of  perspective  arc  employed  in 
determininir  the  pomtion  of  the  lines  which  are  to  form  the  picture.  The 
productions  of  the  arts  of  dt  ii^xing  and  writintj  are  multiplied  and  per- 
petuated hy  means  of  engraving  and  printing  ;  inventions  which  have  been 
the  sources  of  inestimable  advantage  in  the  instruction  and  civilisation  of 
mankind. 

In  drawing  we  may  employ  the  pen,  tiie  pencil,  chalks,  crayons^  inks, 
water  eoloora,  or  body  colours ;  we  may  paint  in  miniature^  in  distemper, 

in  fresco,  in  oils,  in  vaniish,  in  wax,  or  in  enamel ;  and  we  may  imitate 
tlie  effects  of  painting  by  mosaic  work  or  by  tapestry. 

The  first  step  in  copying  a  drawing  or  in  paintinu:,  is  to  procure  a  correct 
outline:  a  master  of  the  art  can  dn  tlii'^  \vith  sufficient  arrnrnry,  l»v  such 
an  estimate  of  the  proportiims  of  tiie  figures  as  the  eye  alone  enables  liim 
to  form  ;  es|iecially  if  he  be  assisted  by  lines  which  divide  the  orimiiial  uuo 
a  number  of  squares,  and  enable  liim  to  transfer  tlieir  contents  to  tlie  corre- 
sponding squares  of  the  copy,  which  may  in  thb  manner  be  reduced  or 
enlaiged,  when  it  b  required.  But  a  oopy  may  sometimes  be  more  expe- 
ditiously made  by  trscing  immediately  from  the  original,  when  the  mate- 
rials employed  are  sufficiently  transparent  to  admit  the  outlines  to  be  seen 
through  tiism ;  or,  where  the  original  is  of  no  valuer  by  pricking  a  number 
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of  points  through  bo  as  to  mark  the  copy,  either  at  once»  or  by  means 
of  charcoal  pow Jcr  nibhtd  tlirongh  the  holes,  which  is  called  stenciling : 
and  for  this  puiiMist',  an  intermediate  eojiy  may  be  forniccl  on  semi-trans*- 
part'iit  paper.  Another  method  is  to  put  a  thin  paper,  riihbed  with  the 
powder  of  black  lead  or  of  red  chalk,  between  the  original  and  the  paper 
intended  for  the  copy,  and  to  pass  a  blunt  point  over  all  the  lines  to  be 
traced,  which  produces  comspondent  lines  on  the  paper ;  this  is  called 
ealkiog.  Where  the  work  is  laxge,  it  may  be  covned  with  a  thin  gause^ 
and  its  onttines  traced  on  the  gauxe  with  chalk,  which  is  thcan  to  be  placed 
on  the  blank  surface,  and  the  chalk  shaken  ofF  it  in  the  way  that  a  car- 
penter marks  a  board  with  his  line.* 

The  pen  was  formerly  much  used  for  makinL,'  routrh  skctehef,  and  it  is 
still  sometimes  employed  for  tlie  same  purjiose,  as  well  us  for  tusttistiniLi;  the 
effect  of  the  pencil.  The  appearancea  of  uniform  light**  and  hhadca  must 
necessarily  be  imitated  in  drawings  with  the  pen,  as  well  as  engravings,  by 
a  mhitare  of  the  whiteness  of  the  paper  with  the  blackness  or  colonr  of 
the  ink,  the  eye  bdng  too  mnote  to  distingnish  minutdy  the  separate  lines 
by  which  the  efiMt  is  produced,  although  they  do  not  entirely  escape  its 
observation.  In  this  respect,  drawings  in  pencils  and  chalks  have  an 
advantage  over  engravings  ;  these  substances,  after  being  laid  on  in  lines, 
are  spreail,  by  means  of  rubbers  or  stiimp>,  of  paper,  leather,  or  linen,  so 
as  to  produce  a  greater  unifonnity  of  tint.  Some,  indeed,  are  of  opinion 
that  engravings  derive  a  great  brilliancy  trom  the  hatches  that  are 
employed  in  shading  them,  and  that  minute  ineciualities  of  colour  make 
eveiy  tint  more  pleasing.  In  drawings  with  dialk,  however,  the  advan- 
tsge  of  rubbers  is  unquestionable.  The  lines  of  a  drawing  may  be  made 
to  have  an  appearance  of  greater  freedom  than  those  of  an  engraving ; 
they  should  be  parallel,  and  when  they  are  crossed  Qthe  «lifferent  seta 
should  be]  moderately  oblique  to  each  other;  their  direction  should  be 
^'ov^-rned  hy  that  of  the  outline.  Enirraviiiff^  in  me/zotinto  exhibit  no 
liii- -  ;  f  nt  they  are  deficient  in  spirit  and  precision  :  the  effect  of  a<|ua  tinta 
aj)proac]ies  much  nearer  to  that  of  drawint;,  and  it  has  a  similar  advan- 
tage in  the  mode  of  producing  its  lights  and  shades.    (Plate  VI.  Fig.  7i*.) 

It  is  well  known,  that  the  best  ptacils  are  made  of  Bnglish  Uack  lead, 
or  plumbego.  Of  black  chalks,  the  ItsiUan  is  harder  and  more  generally 
useful  than  the  French :  red  chalk  has  the  disadvantsge  of  not  being 
essily  removed,  either  by  l)read  or  by  Indian  rubber,  without  leaving  a 
brownish  mark.  All  these  chalks  are  of  the  nature  of  a  soft  schistus  or 
slate  :  they  may  be  made  to  adhere  firmly  to  the  pai»er  by  dipping  the 
drawings  in  milk  freed  from  cream,  or  even  in  water  only,  which  dissolves 
the  size  or  gum  of  the  paper.  Sometime."*  a  giey  paper  is  used,  which 
serves  for  a  middle  tint,  and  lessens  the  labour,  the  lights  and  shades  only 
being  added  in  white  and  black  chalks. 

Crayons  consist  of  colours  mixed  up  with  gum  water,  or  other  adherive 
substances,  and  ususlly  also  with  some  chalk,  plsster,  or  pipe  cls(f  ,  so  as 
to  be  of  a  proper  consistence  for  working  in  the  manner  of  chslks.  The 

*  Imiaoa's  Eksuati,  ii  240,  327. 
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principal  inoonnniMwe  ittondhig  ttwm  is  their  wantof  adliaaioB  to  tha 
paper :  the  paper  moA  dunfore  not  be  too  emootti.* 

For  dimwinge  washed  in  light  snd  shade  omly,  the  nsAerials  employed 
are  Indian  ink,  the  Uaefc  liquor  of  the  catUe  or  hlstre  which  is  ex- 
tracted from  soot :  l>otli  these  U«t  produce  a  browner  and  richer  tint  than 
the  Indian  ink.t  lu  using  these  washes,  as  well  as  vator  (•r>]f>nrs,  then'  U 
a  j^reat  diversity  in  the  methods  of  diflPerent  artists :  some  work  witli  n  dry 
pencil,  others  with  a  full  one  :  some  begin  all  their  coloured  tlrawiitj,-s  in 
black  only,  others  use  colours  from  the  beginning.  When  a  full  pencil  i» 
used,  care  mui»t  be  takeu  that  no  part  of  the  isame  tint  dry  sooner  or  later 
than  the  rest.  When  body  coburs  are  employed,  there  is  less  diAonlly  in 
pfodnoing  a  nnifonoity  of  tint  than  with  water  colonrs,  eaeh'ooat  of  Hba 
eohmr  bciiaiglaidonitt  snlfielent  quantity  to  ooTsr  all  that  is  below  it  without 
mizing:  henee  it  beeomes  eesicr  to  make  any  alterations  that  may  be  re- 
quired. For  water  colours  cf  all  deseriptiona  a  certain  quantity  of  gum  is 
used,  and  sometimes  a  sias  made  of  innglass  with  a  little  sugar  candy.  B<h1  y 
colours  contain  less  gum  than  other  water  colours.*  Rf«ides  paper,  wood* 
silk  and  cotton  velvet  are  sometime  used  for  drawln-^  in  water  colours. 

In  miniatures,  the  most  delicate  tints  are  laid  on  in  points  Avith  simple 
water  colours ;  l)ut  for  the  dra])eries  body  colours  are  sometime  used. 
They  are  commonly  executed  ou  ivory. 

For  painting  in  distemper  the  eolonrs  are  mixed  with  a  siae  made  by 
hailing  shrsds  of  untanned  leather  or  of  pBrchment,,for  sereral  hours :  this 
method  is  chiefly  employed  for  eolomring  walla  or  paper,  but  sometimes  for 
painting  on  clotlu  For  delicate  pUTposes^  the  sise  may  be  made  with 
isinglass. 

When  a  wall  or  ceiling  is  painted  in  fresco,  the  rough  coat  of  the  plaster 
is  covered  with  a  coat  of  fine  sand  and  lime  as  far  iin  it  can  be  painted  before 
it  is  dry,  the  colours  beimr  partly  imbibed  by  this  coat,  and  thus  hteomini^ 
durable.  When  they  have  been  once  laid  on,  no  alteration  can  be  made.-, 
wiUiout  taking  off  tiie  laiit  coat  of  plai>ter,  and  each  part  must  he  comjdeted 
at  once ;  it  is  therefore  always  necessary'  to  have  a  finished  drawing  for  a 
copy ;  this  is  usoally  executed  on  paper,  and  is  called  a  cartoon.  The 
'Colours  can  be  only  of  earths  or  metallic  cxids ;  they  are  prepared  as  for 
painting  in  dirtemper.  The  only  puntings  of  the  ancients,  which  have 
been  preserved,  were  executed  in  fresco. 

The  art  of  paintini,'  in  </il  was  first  discovered  by  Van  Kyck  of  13niges,§ 
towards  the  end  of  the  14th  century :  it  has  now  become  almost  the  only 
manner  in  which  {laintina^  of  mn'^nito'le  are  performed.  The  colours  are 
mixed  with  liuse^d  or  nut  oil,  and  sometimes  witii  oil  of  poppy  seed,  to-^ether 
with  a  small  portion  of  oil  of  turpentine  to  assist  in  dni'ing  them,  and  with 

*  RumkI  on  Fainting  io  Crayoosi  4to.  Eacjclop.  Meth.  Arts  et  Metien  vi.  Art. 
PuM.  Coiit6i  CrayonK,  Ann.  de  Ciiiinie,  xx.  370.  Lomet,  ibid.  XXX.  2H,  Nich. 

Jour.  iii.  21 G. 

t  Gill  on  Indian  Ink,  Fh.  Mag.  zvii.  210. 

t  Handmaid  to  tiie  Arts.  1758»  Fietd'a  Chromatography.  Mrs.  Callcott's  Es- 
says towards  a  llifltory  of  Painting,  183G. 

§  On  tlie  authority  of  Vasari,  c.  21  ;  but  it  U  probably  incorrert.  Consult 
Jamcs'tt  Flenmh  and  Dutch  ScUoob  of  Painting,  or  Hoydon's  Lectures,  1844,  p. 
2f>&.  Cennini,  translated  by  Mrs.  Merriefield,  1844 ;  Tambroni's  Preface,  p.  49. 
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tli«  ocWMiimal  additioii  of  otiier  oily  and  minouB  salwIaiieeB.  The  work 
maybe  executed  on  wood,  cloth,  sUk,  papWf  nutfble,  or  inetala  :  these  aob^ 

Rtances  being  first  washed  with  size,  and  then  primed  with  an  oil  colour^ 
which  is;  nfually  white,  but  sometimes  dark.  f>ome  painters  have,  however, 
preferred  a  ground  of  distemper.  The  glare  of  the  oil  colours  ur  of  the  var- 
nish, which  in  added  in  order  to  give  them  brilliancy,  is  coiuiiiiered  as  an 
inoonrenience  attending  oil  paintings ;  and  some  of  the  coloan  aiv  too 
IkUo  to  fildo  or  to  Uaoken  by  the  dfcot  of  time. 

The  oMMutio  paintings  of  the  andenla  were  impofCMfc  approxunaiUms 
to  the  art  of  painting  in  oU.  Wax  or  nrins  were  employed  Ibr  wtaiiilny 
the  colours  in  their  places ;  and  they  were  applied  by  means  of  a  moderate 
heat.*  An  effect  nearly  similar  is  produced  by  dissolving  the  resins  hi 
spirits  of  wine,  as  is  done  in  |i;iinti!ig  in  varnish.  A  nnirh  preater  d( 
of  heat  is  re({uire<l  fur  paintings  m  enamel :  for  this  pui  i  is*  tiie  r  Iuui-h  are 
mixed  with  a  glabs  uf  etisy  fusion,  and,  when  finely  powdered,  they  are 
usually  applied  with  oil  of  turpentine,  or  someUmee  oil  <^  lavender,  to  a 
gnmnd  of  metal  or  pofodam;  thoy  am  afterwarda  fixed  and  Titatiilad  by 
ezpoaore  to  tho  beat  of  a  fturnaoe. 

Moeaio  work  is  peifbrmed  by  potting  together  small  piece?)  of  stooa  or 
baked  clay  of  various  colours,  so  as  to  imitate  the  effiMia  of  painting  ;t  in 
ttipestry  and  in  em])roideryy  the  same  is  done  by  weavingy  orworidngln 
threads  of  different  kinds. 

The  art  of  writing  is  of  great  antiquity,  hut  it  is  probaltly  in  all  coun- 
triei»,  and  certainly  in  »ome,  of  a  later  date  than  that  of  drawing  represent- 
ations of  nature.  The  Mexicans,  at  the  first  arrival  of  the  Spaniards  in 
Sonth  Amatioa,  are  said  to  bare  employed  drawings  as  a  modo  of  oonvey  lug 
intailigenoe:  soma  of  tfaem  simply  resembUng  the  objeeto  to  vUeh  thqr 
related*  others  intended  aabieioglypbioa ;  that  ii^  like  the  sneieBt  Egyptian 
characters,  of  a  nature  intermediate  between  drawing  and  writing.l  Tha 
Chinese  have  always  used  arbitrary  marks  to  represent  whole  words  or  the 
names  of  external  objects,  not  resembling  the  ohje<'tH  to  which  they  relate, 
nor  composed  of  lettei"s  appropriated  t^^  crust  it  uent  jiart?^  nf  the  found, 
although  they  are  said  to  be  coinbiiied  fruisi  'l  ftw  Inuidred  radiciil  charac- 
ters expressive  of  the  most  simple  ideas.  1  lie  art  of  writing  witli  alpha> 
betical  letters  most  hm  bean  soffielently  nndaretood  in  Hie  age  of  Ibses^ 
to  senre  tho  pnrpose  of  the  promulgation  of  laws  and  of  rdigion ;  It  is 
generally  supposed  to  have  been  invented  by  the  Fhenioians.  Among  the 
Gxeelcs  it  was  in  a  very  imjvcrrect  state  until  the  time  of  tlie  siega  of  Trey, 
or  about  OOOO  years  ago.  The  Chinese  write  from  above  downwards, 
begiiinifii,'  on  the  right  side  ;  the  other  eastern  nations  have  always  written 
from  right  to  !pft.  The  most  ancient  Greek  inscriptions  are  turned  alter- 
nately bai  kwiinis  and  forwards,  the  letters  being  reversc<l  in  the  lines 
which  begin  on  tlic  rij^hi  side ;  but  the  Greeks  soon  confined  theniselveij  to 

*  PUnj,  I.  35,  c.  11.  Vitruviiu,  Arcbitectura,  1.  7>  c.  9,  de  Minii  Tempersturs. 
Colebrooke,  Ph.  Tr.  1759,  p.  40.  Cajtas  OB  BBcanstic  Biintiag,  Load.  Wbbreal 
on  Do.  Ph.  M.  i.  23.  Ul.  Gilliert*s  AmialeB,  ?.  3»7. 

t  Ph.  Mag.  ix.  289. 

X  Sre  the  plate  of  Axtee  Gmaology  from  Ckrreri,  in  Encjc.  Metr.  vol.  six,  pi. 
28.  Robcrtsoo'sHist.orAmeries,ii.264,480.  Hwnl)oldt,  Vojege  de  Coidillens. 
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that  mod6f  wUcb  has  been  sfaioe  adopted  by  all  Eoiopean  nation^  and 
wliieh  appean  1o  be  in  Uadf  the  neat  natenly  at  laaat  for  wiitiag  wHh  a 
pcfBy  and  witli  the  lig^  band.* 

The  earlicflt  milliods  of  writing  were  probably  such  aa  ratber  deaerre  the 
name  of  engraving ;  the  letters  bemg  out  in  etooi^  in  wood,  on  i^eete  of 

lead,  on  bark,  or  on  leaves.  For  temporarj''  purpose**,  they  were  forine<l  on 
tablet*}  of  wax,  with  a  point  mllcd  a  stile,  and  this  practice  was  Ions:  con- 
tinued for  epiiitol&ry  correspondeiu  o,  ;ind  was  Ti  it  w  holly  out  of  use  in  the 
fourteenth  century.  The  stile  was  made  of  mttal  or  of  bone ;  its  xipper 
extremity  was  flattened  for  the  purpose  of  erasing  what  had  been  written. 
Hie  Egyptian  papyrus  is  aaid  bj  Yano  to  have  been  fint  need  Ibar  wiiting 
aftlhetamaoftfaefoandatioaof  Akaaadria;  tfaeliaveeof  pahm^fhelnnw 
bark  of  treee,  or  eometimee  linen  doth,  baTiof  hem  befim  employed*  Hie 
exportation  of  the  papyrus  was  forbidden  by  Ptolemy,  and  In  ooiueqnenoe 
of  this  prohibition,  skins  of  parchment  or  of  TeUum  were  first  applied 
to  the  purpose  of  writinp^  at  Pei^c^inus,  for  the  library  of  king  Eamenes, 
whence  they  were  called  membrana  pergamena.  To  make  the  best  paper, 
the  widest  and  finest  leaves  of  the  pa])yni8  Avere  matted  together,  united  by 
a  vegetable  glue,  and  pics-sttl  till  tli«  y  Ik  ( ame  sufficiently  smooth  ;  the 
coarser  kinds  were  not  used  for  writing,  but  fur  commercial  purposes.  In 
China,  paper  is  sometimes  made  of  a  thin  and  almost  transparent  mem* 
brane  tiJcen  horn  the  bark  of  a  tree.  Paper  of  cotton  was  introdooed  into 
Europe  from  the  east  in  the  middle  sfes ;  it  has  been  rineo  snperssded  hj 
that  which  is  made  of  linen  tag^  and  whioh  Is  also  an  eastem  indention ; 
hnt  for  eoone  and  stzoqg  paper,  old  ropes  of  hemp  aio  also  used ;  and 
sometimes  many  other  vegetable  substances  have  been  employed.  The 
sfrPTisrfh  find  cftrtsi^t^ncp  of  yiapir  is  owintr  to  the  lateral  adhesion  derived 
from  ihc  Uirt  i-mixture  of  the  fi !i res,  assisted  by  tlu'  i:lntmoT!R  size,  which  is 
also  of  use  in  obviating  the  bibulous  quality  of  the  paper,  by  filling  up  its 
pore8.+ 

Ivory,  and  prepared  ass's  skin,  are  sometimes  employed  for  writing  witii 
a  Uad:  lead  pencil ;  for  slates,  a  pendl  of  a  softer  Idnd  of  state  is  nssd. 
The  andent  mathematiciaiis  naoaOj  oonstmcted  theur  diagrams  on  sand 
for  the  instradion  of  their  pn^ls. 

Pens*  of  goose  quills,  swan's  quills,  or  crow  qniUs,  were  known  as  early 
as  the  seventh  coitiiry :  in  Europe  they  have  generally  snperseded  the 
reeds  which  were  employed  for  writing  by  the  ancients  :  but  in  India, 
reeds,  cbhcs,  and  bamboos^  an  still  in  use.  In  China  a  hair  pencil  is 
Used  instead  of  a  pen. 

*  As  Dr  Yonn!^  diptincniished  himself  by  bis  rpsp«rrbp«  on  biprof^Wpbical  writing, 
wc  subjoin  the  loUowing  references  to  his  works  : — iVIu»t;u.ai  Criticuui,  8vo,  Camb. 
Tol.  ii.  pp.  125,  329.  Hieroglyphics,  fob  I-^ind.  by  the  Egyptian  and  Royal  Sodeti« 
of  Literature.  Snpp  tf)  Ency.  Brit.  vol.  iv.  ;^8.  Dii^coveries  in  Hirr.  T.it.  8vo.  Lond, 
1823.    A  sketch  ot  tlic  diacoveries  will  be  found  m  the  Quarterly  R(  v:t  w,  vol.  xliii. 

tll2;  or  in  Ency.  Metr.  Art.  Hiero^Iyjibics.  See  also  J.  F.  ChampoUion, 
'Efivptp  «!ouslcs  Pbaraons,  2  vols.  8to.  Par.  1814.  Lettre  i  M.  Dacier  relative  i 
I'Alphabet  dea  Hieroslyphics,  8vo,  Par.  1822.  Pr^di  da  Sytteme  Hiiexog.  8vo. 
Par.  1824  and  1828.  Letlra  vAstivee  saMns^  Royal  EgfjpUku  dsTbihi,  Fkr. 

\}<2i  nu(\  IH'^f). 

t  Rombold  on  Paper,  Berl.  1744.  T^^d^n^^**^  L'Art  de  faire  le  Papier,  fob  Par* 
1761,  « 
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The  inks  of  flM  aDdents  ave  said  to  have  bean  made  of  a  eavbonaoeoiit 

substance^  and  the  modern  Indian  ink  owm  Ha  blacknaas  to  similar  matariala. 
Common  writing  ink  consista  of  a  gallate  of  iron,  suspended  by  means  of 
a  liUlf  gum  ;  the  sulfuric  acid,  which  remains  mixed  with  it,  is  probably 
of  no  consequence  to  its  blackness.  It  has  been  observed,  that  an  abun- 
dance of  the  gallic  acid  produces  a  much  blacker  colour  than  is  obtained 
where  this  acid  in  used  in  a  smaller  proportion.  Mr.  Ribaucourt's  method 
of  makii^  ink,*  it  to  boil  eight  onnoea  of  galls,  and  four  of  logwood,  in 
twdvepoimda  of  wat«r,nntiltlia  quantity  is  ivdnoed  to  one  half;  and,  liar- 
ing  stiained  the  deeoction,  to  add  to  it  four  ounees  of  mlfkte  of  iron,  one  ef 
■olfbte  of  oopper,  three  of  gum  arabic,  and  one  of  sngar  candy.  But  for 
ordinary  purposes,  it  is  sufficient  to  infuse  three  ounces  of  galls  for  a  day  or 
two  in  a  pint  of  water,  and  to  add  to  it  an  ounce  of  £3;um  arabic,  half  an 
ounce  of  green  sulfate  of  iron,  or  copperas,  and  a  dracliiri  of  sulfate  of  cop- 
jier,  or  blue  vitriol,  or  even  a  much  smaller  <{uantity  of  gum  and  of  copperas, 
if  a  very  fluid  ink  is  required.  The  suitutti  of  copper  produces  adurahie 
stain,  but  it  does  not  immediately  add  to  the  Uaeknees  of  the  ink :  its 
prindpal  use  is  to  counteract  the  tmdency  of  the  ink  to  heoome  mouldy. 
Sometimes  a  merenrial  salt  b  employed  for  the  same  purpose,  and  a  little 
cotton,  if  the  inkstand  is  too  open,  is  also  useful  in  preserving  the  ink  ; 
but  the  addition  of  i^irite  is  often  insufficient,  and  is  liable  to  make  the 
ink  run. 

It  has  been  proposed  to  use  inks  of  different  colours  for  indicating 
different  numbers ;  m  that  by  ten  kinds  of  ink  applied  in  different  ways, 
any  numbers  at  pleasure  might  be  expressed.  Thus,  in  making  an  index 
of  the  words  of  an  author,  each  page  might  be  readily  coYwed  with  lines 
of  diAerent  oolonrs  drawn  in  diffinent  directions^  so  that  each  word,  when 
out  out^  might  indicate  the  page  to  whidi  it  bdongs. 

An  ingenious  instmment  has  lately  been  constructed,  by  means  of 
which  copies  may  be  multiplied  with  great  facility  ;  it  is  called  tlie  poly- 
graph, and  consists  of  two  or  more  pens,  so  connected  by  frames  and 
8pnn?s,  as  to  move  always  in  parallel  directions,  vach  Imviui;  an  inkstand 
aud  a  sheet  of  paper  for  itself.t  In  this  manner  five  copies  may  be  made 
at  once  with  tolerable  facility,  and  the  method  may  perhaps  hereafter  be 
eoctettded  to  a  much  greater  number. 

A  mode  of  writing,  peilbctly  different  f^m  any  of  those  which  hm 
been  mentioned,  is  performed  by  means  of  the  telegraph,  which  is  justly 
considered  aa  the  invention  of  tlie  ingenious  Dr.  Hooke.|  The  andents 
had  attempted  something  similar,  by  the  exhibition  of  torches  on  elevated 
situations  ;  but  Dr.  Hookc  observes,  that  the  addition  of  the  telescope  is 
absolutely  necessary  for  the  practical  success  of  the  process;  and  the 
directions  which  he  i»ive<»  for  its  ])erformance  differ  very  little  from  the 
plan  which  lias  sinci'  ln-eii  ^ciu'rally  a»lopted,  first  in  France,  and  after- 
wards, with  bome  variutiuut],  iu  this  country.    Dr. Hooke  proposed  the 

*  Rc]irrtnrv  of  Arts,  \\.  125. 

t  Cotteneuve,  Metn.  de  I'Acad.  Paris,  1763,  H.  147. 

X  Fb.  Tr.  1684.  FhiloNph.  Exp.  and  Obs.  by  Hooke,  edited  by  Derham, 
p.  142. 
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employmsDi of  alplttbetical  utd oHmt arfailmy  chametors;  at  praent  it 
is  hmuI  to  h«v«  dac  bovdn^*  «Mh  tmnuigon  its  aada  so  as  to  appear  or 
disappear  at  pleaaore :  Ihiee  admit  of  dxty-four  iNimlniiatknii^  whidi  ato 
aoffidfliit,  beeidea  indicating  the  letters  of  the  alphabet,  for  eyeij  other 

pur|  0^0  tliat  can  be  required.    (Plate  VI.  Fig.  80,  81.) 

Pens  for  drawing  lines  and  figures  diffi-r  sometimes  from  those  which 
are  used  for  writing ;  they  nre  ma  l  '  of  two  plutes  of  steel  inclined  to  each 
other,  and  adjusted  by  a  screw  ;  or  aomelimes  of  a  plate  of  tin  folded  up, 
so  aa  to  include  a  receptacle  for  tlie  ink  ;  or  of  a  glass  tube  drawn  to  a 
very  fine  {>oiut,  uu<i  stxil  remaiuiug  (perforated.  In  all  thebe  pens,  as  well 
as  in  eommon  pens,  the  ink  is  retained  hy  its  oolieeioii,  and  by  the 
capillary  attrae^oD  of  tlie  pen ;  and  it  attaehes  itself  to  tiie  paper  by  the 
operation  of  similar  powen. 

It  is  by  no  means  easy  tooomply  strictly  with  that  poetnlate  of  geometry 
which  reqnSres  us  to  draw  a  straight  line  from  one  point  to  another.  The 
edge  of  a  ruler  m  made  straight  by  the  instrument  called  a  plane,  which  is 
worked  witli  a  considernl>lp  velocity,  and  therefore  naturally  tends  to 
move  in  a  right  Ime,  Ije.sicies  that  it  is  irvuded  by  the  flatne^  of  its  lower  sur- 
face. We  judu'e  of  the  straigbtness  -f  a  line,  by  means  of  the  well  known 
property  ol  light,  %\  hich  moves  only  in  right  imes,  so  that  if  we  look  along 
the  edge  of  a  ruler,  we  easily  disoorer  ito  irr^fulariiiee ;  and  this  may  bo 
dono  with  still  grsater  aoconcj,  if  wo  look  through  a  small  hole  made 
with  a  pin  in  a  card.  Bnleia  of  eilver,  hiaas^  or  ivory,  have  a  material 
advantage  over  those  of  wood,  as  they  are  not  liable  to  be  spoilt  by  warp* 
ing.  A  pra  filled  with  ink  cannot  be  applied  close  to  the  edge  of  a  ruler 
without  inconvenience ;  it  is  therefore  best,  for  diagrams  which  require 
p^reat  accuracy,  to  draw  the  lines  first  with  a  steel  point,  or  a  very  hard 
black  lead  pencil,  nnd  to  iinisli  them  with  ink  if  necessary.  The  paper 
should  also  be  fixed  on  a  drawing  inmrd  ;  and  plates  of  lead  oi  i  '[ij  er  may 
be  employed,  instead  of  paper,  for  very  delicate  purposes.  The  carpenter's 
chalk  line  is  a  useful  instrument  for  supplying  the  place  of  a  very  long 
ruler ;  it  beoomee  straight  when  it  is  stntciied,  becanse  a  ri|^t  lina  is  the 
shortest  distance  between  any  two  pointa. 

For  drawing  *  cirde  of  agiven  radios  we  nse  compasses,  with  one  pdnt 
generally  of  metal,  the  other  of  various  descriptions.t  Compasses  are 
sometimes  made  with  a  spring  instead  of  a  joint,  and  opened  or  shut  by  a 
serew :  sometiniee  a  graduated  are  is  fiaaed  in  one  leg^  and  passes  (hrovgh 

*  Tills  species  of  tclegfiiph  was  invented  in  1695,  hf  Lord  G.  Murray  j  it  wts 
adopted  by  the  Admiralty  until  the  end  of  the  late  wnr.  if  wus  disoontlniied, 

and  tbe  semaphore,  consijitiilg  of  two  arms  prujectiug  froui  lUi  ujirif^ht 
post,  and  working  about  pivots,  was  substituted  in  its  plncc.  In  this 
uistrumeot  each  arm  has  seven  different  positions,  which  afford  bj- 
their  combinations  forty-nine  different  arrangements.  Consult  Edge- 
worth,  Truu.  Boy.  Irish  Ac.  fi.  95|  310.  Nicholson's  Journal,  ii.  319. 
Chappc,  Bregnet  and  Betoncourt,  Bulletin  de  la  Soc.  Ph.  n.  16. 
Mem.  de  I'Institut.  III.  H.  22.  Ph.  Mag.  i.  312.  Nocturnal  Tele- 
graph, Rep.  of  Arts.  z.  28.  Boss's  Fstent  TeL  ibid.  zvL  22S.  Fb. 
Mag.  xii.  84.  Ency.  Brit.  Art.  Tel.  Pasley.  Dcscri]>tioTi  of  the  Uni- 
versal Telegrapb,  1H23.    Chappe,  Histoiredela  Telegraphe,  2  vols.  Paris,  1824. 

t  Dofil's  New  ComiMSses,  M6n.  Ms,  1717,  H.  83.  Leup.  Tb.  Art.  t.  20, 
a.  b. 
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the  other;  tad  wbm  gnat  maaaej  is  nquizad,  hair  campaMwi  may  b§ 
employiad»  lian^  a  joini  with  a  wpiaag  in  one  ol  tba  l^gs,  which  is  bait  a 
little  by  means  of  a  fine  screw.   Beam  compasses*  are  nsefiil  for  drawisig 

circles  of  larger  radii :  they  have  also  tl\o  ads  antage  of  being  steadier  than 
the  eommon  compasses,  and  of  admitting  readily  thn  application  of  a  gra- 
duated scale,  so  an  to  indicate  the  measure  of  the  radius  of  the  cinle  which 
is  described.  Sometimes,  for  drawing  portions  of  very  large  circles,  two 
wheels,  differing  a  little  in  diameter,  are  fixed  on  a  oomiiion  axis,  and  thoa 
made  to  leridvo  lound  a  point,  wlddi  ii  more  or  kia  dietant^  aooordinj^ly 
aa  the  wheels  are  eet  at  a  greater  or  leee  dietaaee  on  the  azi%  the  aaif aoe 
of  the  wheels  tmng  the  cirdee  on  the  paper ;  or  two  mleis  jollied  logo* 
iher,  so  aa  to  Ibim  an  angle,  are  made  to  slide  against  two  points,  or 
edsres,  projecting  from  a  third  ruler;  so  that  the  angular  point  remains 
always  in  the  arc  of  a  circle.  The  same  otlWt  m-xy  he  produced,  somewhat 
more  coramodiously,  by  meaiiH  of  a  thin  piece  of  elastic  wood,  which 
is  made  to  utisurae  any  ret^uireti  curvature  by  the  action  uf  screws 
applied  to  different  parts  of  its  concavity:  it  wtmld,  however,  be  more 
sunple  and  aoenrate  to  employ  only  ono  eonw,  in  the  middle  <if  the  anv 
and  to  make  the  fieidhle  mler,  or  bow,  ereiy  iHiere  of  sndi  a  thiokneee  aa 
to  asBome  a  eirailar  foim  in  its  ntmoet  state  of  flezore :  it  wonid  then 
retain  the  circular  form,  without  a  ieniible  error,  in  vnuj  other  poeitioBu 
(Plate  VI.  Fig.  82... 85.) 

For  drawing  a  liii*'  pprpetidicular  to  another,  wo  often  employ  a  square  j 
and  if  we  use  a  rectanLruliir  drawing  hoard,  then,*  is  an  additional  conve- 
nience in  making  tlic  s<|iiare  to  slide  on  its  luargio.  Rulers  also,  of  varioun 
descriptions,  are  commonly  made  rectangular,  in  order  to  answer  occasion- 
ally the  same  purpose. 

Triangnlar  oompaeeee  are  someUmes  need  for  laying  down  a  Irianglo 
equal  to  a  given  triangle  \f  and  by  repeating  the  operation,  any  figure 
wfaiohcan  be  divided  into  triaii||^es»  may  be  copied  without  tlu  intersection 
of  arcs  ;  but  the  same  end  is  more  commonly  obtained  by  priekiiig  off  the 
figure  with  a  steel  point    (Plate  VI.  Fig.  86.) 

Various  properties  of  parallel  lines  are  employed  in  constructing  parallel 
ntlers  :  a  parallelogram  with  jointed  angles  is  the  n)ost  commonly  used  ; 
two  equal  rulers  Ijeing  united  by  e(|ual  cross  bars  placed  in  an  obli<|ue 
poeitjon,  and  turning  on  pine  fined  in  therolets:  the  instrument  is  mneh 
improved  by  adding  a  third  rukr,  similsrly  united  to  the  seeond,  for  then 
the  obliquity  of  one  of  the  two  motions  may  be  made  to  eoireet  that  of  the 
oiher«  A  simple  cylinder,  or  a  round  ruler,  attswen  the  puipoee  in  a  roog^ 
manner,  and  two  small  rollers,  fixed  on  the  same  axis,  are  also  sometimes 
attached  to  a  flat  ruler,  and  cause  it  to  move  so  as  to  be  always  in  parallel 
positions.  A  very  useful  iustTnun  ut  f  or  drawing  parallel  lines  fit  any 
given  distances,  is  now  generally  kauwii  l>y  the  name  of  Mar  [nuis's  walea, 
although  it  is  by  no  means  of  late  iuveution  by  sliding  a  triaugU'  along 
a  graduated  ruler,  we  lead  off  th«  divisiotts  on  an  amplified  scale  with  great 

♦  Shuck  burgh,  Ph.T.  1798. 
t  Leopold,  Th.  Art.  t.  28.  I  IbM.  t.  21,  a. 
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moewncy ;  baft  ^Hme  the  rtwtfwiB  erf  tha  Ubm  i»  great,  ttw  obliquity  of 
this  motion  ii  a  oonndmablB  ineonTeiiiaieo.  The  ruler  or  squaio  of  tho 
diawing  booid  ofibrds  us  Uom  pualleL  to  eaeh  othar,  in  a  oertain  podtion ; 
and  if  it  be  made  with  a  joint»  or  aa  the  workmen  eall  it,  beviUed,  it  may 
he  employed  for  the  same  purpose  in  all  other  directions.  The  eyiteins  of 
lines,  on  which  music  is  written,  are  drawn  at  one  stroke  by  a  pen  with 
five  orifices,  usually  made  of  brass.  It  waH  lonn-  since  proposed  to  rule  a 
whole  paeo  at  mue,  with  a  more  compl n  ut e  i  poii  i»t'  the  same  kind,  and 
the  greatest  part  uf  the  paper  on  which  music  \\  ritten  in  this  country, 
is  actually  ruled  by  such  a  machine,  for  which  a  pateut  has  heen  taken 
out.   (Plate  VI.  Fig.  87,  88.) 

The  pantograph  is  need  for  eopying  figures,  and  at  the  eune  time 
ledneing  er  enlarging  Hbmn ;  it  eonsista  of  fonr  mlen^  two  of  them 
nniled  bj  a  joint  at  the  eztromiliefl^  and  reennag  at  the  middle  the  other 
two,  which  are  bat  li  alf  ns  long,  and  are  also  united  together  bo  as  to  form 
with  the  others  a  jointed  parallelogram,  of  which  two  of  the  sides  are 
produced  beyond  the  angles  ;  if  holes  he  made  in  these,  and  in  one  of 
tbf>  "shorter  nilprs,  so  situated  aa  to  be  in  the  same  right  lino  in  any 
j^osiuon  of  the  instrument,  they  will  rcTimin  in  a  right  line  in  any  other 
pohiLiuii,  aud  they  will  always  divide  tiiis  line  in  the  same  proportion  :  so 
that  if  one  of  the  holes  be  placed  on  a  fixed  axis  or  pin,  a  tracing  point 
faymrted  in  another,  and  a  pencil  in  the  tlurd,  any  figure  delineated  bgr 
the  peadl  will  be  simihv  to  that  which  ia  deeeribed  by  the  tnoiag 
point.  And  inetead  of  holco  in  the  mEera^  they  may  be  famished  with- 
diding  socketa^  to  leoeive  the  azi^  the  pointy  and  the  penoiL  (Plate  VI. 

Proportional  compasses  are  also  of  great  use  in  reducing  lines  and 
fibres  to  a  different  scale.t  This  instrument  consists  of  two  legs,  pointed 
at  each  end,  and  turning  on  a  centre  which  slides  iu  a  groove  common  to 
both  legs,  and  is  furnished  with  an  index.  The  divisions  of  the  scale  are 
so  laid  duwu  timt  the  centre  may  divide  the  length  of  the  legs  from 
point  to  point  in  a  giiven  proportion  ;  henoe  by  the  propertiei  of  mmilar 
triangles,  when  the  lege  are  opened  to  any  extent^  the  intenrala  between 
each  pair  of  pointa  moat  be  to  each  other  in  the  same  ratio  aa  the  por* 
tiona  of  the  Sometiniee  a  eerew  is  added,  for  the  sake  of  adjusting 
the  centre  with  greater  aeeoracy ;  and  it  is  usual  to  lay  down  scales  for 
dividing  the  circumference  of  a  circle  into  a  given  number  of  parts,  and 
for  some  other  purposon  ;  but  the  instrument  might  be  much  improved 
by  insertintr,  in  thu  l  ommon  scale,  fractional  or  decimal  divisions  littween 
the  whole  iiuml>ers,  so  that  the  legs  might  be  divided,  for  example,  in 
the  ratio  of  2  to  a,  3  to  4,  or  4  to  5,  or  of  10  to  11,  12  or  1.%  at  pleasure. 
(Plate  VL  Fig.  90.) 

The  ose  of  the  sector  depends  also  on  the  properties  of  eimilar  triangles. 

*  Levp.  Th.  Art.  t.  S6.  Langlots's  Psntograph :  Macbhies  Approov^  par  I'Ae. 
7  vols.  4to,  1735-1777,  vii.  207.  Sike's  Pantogn^th,  M^.  Par.  1778,  invented  by 
Scheiner,  who  describes  it  in  his  Pantogrraphice.  An  improved  instrument  for  the 
same  purpo^  ia  described  by  Prof.  Wallace,  m  the  Trans,  of  the  Roy.  Soc  of  Edtn. 
▼ol.  3ui.  snd  termed  by  him  the  Eidogn^h. 

t  Lean,  da  Vind  M8S.   Uop.  Th.  Ar.  121. 
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Tbt  teftle  oS  •qui  parta»  which  ia  kid  down  on  Midk  leig;  iMglmiiiig  ham 
the  centre,  maefm  to  determine  the  length  of  the  1^  of  two  equiktenl 
triangles,  in  any  re(|uired  proportion  to  each  other,  according  to  til* 
division  which  we  mark,  and  the  transverse  distances  from  the  corre- 
sponding points  are  necessarily  in  the  same  proportion.  Thus,  if  wc  have 
any  lint-  in  a  figurt:  which  we  wish  to  call  three  feet,  or  three  inches,  wi-  iniiy 
take  the  interval  with  a  pair  of  common  conipaases,  and  open  the  bector  to 
saeh  an  angle,  that  it  may  astond  from  tba  third  divliSon  of  one  kf  to 
that  of  the  other ;  thra  all  the  other  diTiriona  of  the  scale  will  fatniah  na 
with  the  lengtha  oonreeponding  to  any  diatanoaa  that  we  nmy  wish  to  lay 
down.  The  other  scales  usually  engraved  on  the  fiector  are  principally 
intended  for  trigODonistrieal  caicnlationa on  similar  prtBciplea>  (Plato  Vli. 
JTig.  ;n.) 

The  mai,'tiitU(io  of  anirlps  admits  an  easy  tietorniination  and  description, 
by  the  comparison  of  the  respective  arcs  with  a  circle,  or  with  a  right  anirle. 
We  may  dividu  an  ajigle  geometrically,  by  continual  bisection,  into  partu 
aa  small  as  may  be  required,  and  by  numbering  these  parts  we  may 
define  any  angl^  with  an  error  smaUer  than  any  asaiignable  quantity. 
Biaeetaona  of  thia  kind  are  sometimsa  actually  em|doyed  in  the  oonstnio- 
Hon  of  instrumenta  ;  for  instance,  in  one  of  the  arcs  of  tiie  mural  qnad* 
sant  of  the  ohservatoty  at  Greenwich,  the  right  ang^e  is  divided  into  98 
parts,  by  the  continual  hisection  of  one  sixth  of  the  circle.  There  are 
also  some  practical  methods  of  dividing  antjle?^  into  three  or  more  c<|ual 
parts,  which  are  sufhciently  accurate  for  many  j>nr[)oset;,  although  it  is 
well  known  that  in  theory  tlie  perfect  trisectioa  of  au  angle  is  beyond  the 
readk  of  plane  geometty.  Thb  trisection  is  necessary  in  the  common 
diTisbn  of  the  circle  into  060  degrees,  a  nvmber  n^ieh  was  proliably 
choaen  becaoae  it  admita  a  great  variety  of  diviaois^  and  hecause  it  neariy 
represents  the  diurnal  and  annual  motion  of  the  sun  among  the  stars. 
The  circle  being  divided  into  6  parts,  the  chord  of  each  of  which  ia  equal 
to  the  radius,  these  parts  are  divided  into  60  dc^reof,  each  degree  into  (JO 
minutes,  and  each  minute  into  fiO  seconds  :  further  than  tliis  we  cannot 
easily  carry  the  accuracy  of  our  determiaatiun,  aithough  in  calculations 
we  sometimes  descend  as  far  as  tenths  or  even  hundredths  of  a  second. 
The  decimal  divbion  of  a  right  angle,  which  has  been  lately  adopted  in 
France,  appears  to  have  very  little  advantage  for  the  purpoaea  of  eakwi<»' 
tioiiy  beyond  the  common  method,  and  its  exacntlon  in  practice  mnst  be 
much  more  difficult. 

Whole  circles,  or  theodolite^  divided  into  degrees  and  their  parts^  quad- 
rants and  sextant?;,  are  usually  employed  in  measurin!*^  angles  ;  and  protrac- 
tors, semicircleis,  and  line^  i  if  chords,  in  laying'  them  nfK.  The  most  convenient 
of  quadrants  for  general  use  is  Hadlev's  reflecting  instrument,*  whi<'h  is  in 
fact  au  octant  or  a  sextant,  but  in  wluch,  for  reasons  depending  ou  optical 
prinmples,  each  d^irea  oi  the  arc  is  reckoned  for  two^ 

For  the  gradution  of  all  inalmmento  of  thia  kind,  of  moderato  dimen- 
Kona,  Mr.  Ramaden'a  dividing  engine  is  of  great  utility  ;t  the  instmment 

*  Ph.  Tir,  1731,  p.  14?.  t  DescripCioii,  4to,  1787.  Rotier,  t.  147. 
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Mnt  tod  on  tlie  wwlfing  plite  of  the  engine,  ita  tatt  isnuide  to  idfinoo 
nder  the  eotting  tod  by  very  minnto  stoiWy  ngnktod  by  tho  turn  of  a 
aenwt  of  wJueh  Mcih  nrolntton  is  dlnM  into  a  oonridoraUe  number  of 
eriual  parts.  The  largest  and  fineit  ineteomente  an^  bowerer,  still  usually 
divided  by  hand  ;  that  is,  by  means  of  compasses.  Some  artists  have  first 
divided  a  straight  ]ilate,  and  then  made  a  hoop  of  it,  which  has  served  as 
a  standard  for  furtlu  r  jiroeesses.  An  arc  of  7**  H)',  of  which  the  chord  is 
one-ci|>hth  of  the  radius,  may  be  employed  as  n,  test  of  the  accuracy  of  the 
work.  A  micrometer  screw  is  often  used  iu  large  instrumeutb  as  a  substi- 
^uto  for  Iho  ninnteek  dividoiia ;*  a  noreaUe  part  of  the  index  being 
bienght  to  coincide  witb  tbe  neanet  point  marked  in  tbe  arcy  by  taming 
tlie  eerew  thioogli  a  part  of  ito  revolution^  itbiek  ie  meaeored  by  meaaa  of 
a  gradnated  cMe.  Bat  a  dmpler  method  of  reading  off  divieione  witli 
aceoiacy  in  eonmuni  instruments,  is  tbe  applioation  of  a  vernier,  an  appa- 
rattis  m  called  from  its  inventor.  The  space  occupied  by  eleven  divisions 
of  the  scale  l>«»!ng  divided  into  ten  parts  on  the  index,  the  coincidence  of 
any  of  the  divisions  of  the  index  with  those  of  the  scale,  •^Iiowh,  by  its 
distance  from  the  end,  the  number  of  tenths  that  are  to  be  uddud  to  tiiat  uf 
the  entire  divisions.   (Plate  YII.  fig.  92.) 

Tliere  are  eemal  ways  of  meaeoiing  the  angular  elevition  of  an  object 
above  the  horiaon ;  at  eei^  the  apparent  lioriaon,  fmned  by  the  eor&oe 
of  the  water,  afibnie  the  meet  oonvenient  determination ;  but  einoe  tin 
^eetotor  ie  eomewhat  elevated  ebove  the  convex  surface  of  the  sea,  tlm 
apparent  horizon  is  necessarily  lower  than  the  true  horizon,  and  a  correc- 
tion is  therefore  required  according  to  the  height.  In  the  open  sea  this 
correction  may  ]>e  determined  by  mrasurintr  the  whole  angle  above  and 
below  the  apparent  horizon  Lrespectivt  l}  ],  iiu  1  taking  one  fourth  of  the 
difference  for  the  dip  or  depression.  Ou  shore,  a  plumb  line  is  the  simplest 
inetrument  for  detennining  the  eitaafion  of  the  horiaon»  and  ite  aeeidental 
vibnatione  may  be  prevented  by  suspending  the  weight  in  water  or  in  oiL 
For  email  inetr«mente»  a  epiiit  level,  of  wliiflh  the  opention  depende  on 
hydrostatical  principles,  is  capable  of  greater  delicacy  than  a  plumb  line. 
It  raadily  indicates,  when  well  made,  an  error  of  a  single  second  ;  but  it 
r«»4{uire8  some  attention  to  avoid  ine«|ualities  of  temperature,  which  would 
t<  Tid  to  disturb  its  hgure.  Well  rectified  eth  r  is  found,  on  account  of  its 
perfect  fiuiility,  to  be  the  best  licjuid  for  a  npint  level.  An  artificial  liori- 
zou  in  a  reHectiug  surface  employed  for  obtaining  au  image  as  much  below 
tlie  horiaon  ee  the  object  ie  above  it,  and  for  measuring  tiie  angular  di»> 
tanoe  of  thie  image  from  the  otjeott  eomefeimes  a  plane  speculum  of  glaee 
or  metal  ie  need  for  thie  porpoei^  being  previonely  a4|asfced  by  a  epirit 
level ;  and  eometimes  the  surface  of  mercury,  treacly  or  tar,  protected  from 
the  wind  by  a  vessel  with  holes  in  it,  or  by  a  glass  cover,  either  detached^  or 
simply  floating  on  the  mercury,  when  this  liquid  b  emplt)yed. 

It  is  in  many  cases  simpler  and  more  convenient  to  estimate  angles,  not 
by  the  arcs  subtending  them,  but  by  their  siiu.s,  or  the  ])erpeudienliir8 
falling  from  one  leg  on  the  other.    Thu;^,  it  is  usual  ainung  minere,  to  say 

*  Hooke't  Lectures,  Lambert  itber  die  Brauderschea  micrometer,  12  ^ag.  1769« 
HoinUoiier,  hi  Nidi.  Jew.  vL  S47. 
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that  tlie  ground  rises  or  ftUs  one  foot,  or  <me  yard,  in  tsn»  whim  tlie  sine  of 
ihesi^of  ilsiadinAtiontotlislioiiMnisfmstsnthof  t^^  An|^ 

of  cBftrent  magaitudes  are  indeed  proportfonsl  to  tllA  arcs,  and  not  to  die 

Bines,  so  that  in  this  scnst^  the  sine  is  not  a  tme  measure  of  the  comparative 

iimiriiiturlo  of  file  angk> ;  but  in  making  calculations,  we  are  more  frequently 
obliged  to  employ  the  sine  or  cosine  of  an  angle  than  the  angle  or  arc 
itself.  It  is,  however,  easy  to  ptuss  from  one  of  these  elements  to  the  others, 
by  means  either  of  trigonometrical  tables,  or  of  the  scales  engraved  on  tlie 

Tbe  sinssy  tangenta,  and  seoants  laid  down  on  tbe  sector,  maj  be  em- 
idoyed  aeooiding  to  the  properties  of  wnDar  triaagkB,  in  ilie  eompatation 
of  proporttona.  The  same  purpose  is  answered  hy  Gunter's  scale,  by  the 
sliding;  rule,  and  hy  the  logarithmic  circles  ci  Clairaut  and  of  Nicholson,* 
wliicli  are  employed  mechanically  in  the  same  manner  as  a  table  of  loga- 
rithms is  used  arithmetically,  the  proportion  of  any  two  numbers  to  each 
other  beinc;  detennined  by  the  dist-ance  of  the  corresjxtnding  divisions  on 
the  scale  ;  so  that  if  we  wish  to  double  or  to  halve  a  number,  we  have  only 
to  find  tlie  diataaoe  from  1  to  2,  and  to  lay  it  off  fimn  tlis  given  nnniber 
either  way.  (Plate  VII.  Fig.  93,  04.) 

The  measurement  of  angles  is  at  onee  applied  to  tiie  estimation  of  dia- 
tanoes  In  the  dendrometer  or  engymeter  ;t  a  part  of  the  insbroment  forme  a 
base  of  known  dimensions,  and  the  angle  at  each  extremity  of  this  base 
beincr  meastired  with  great  accuracy,  the  distance  of  the  ohject  may  be 
inferred  from  an  easy  calculation,  or  frnni  a  ta'»l«\  Tbp  rnnst  complete 
instnmients  of  this  kind  have  two  speculums  for  measuiiiig  the  tlillerence 
of  the  angles  at  once,  in  the  manner  of  Uadley's  quadrant.  Telescopic 
scales  or  nucrometers  are  dbo  someUmes  used  for  measoring  angl^  snb- 
tended  bj  distant  objeets,  of  which  the  magnituds  is  known  or  may  he 
estimated,  for  example^  hy  the  height  of  a  rank  of  soldisii^  and  inteing 
at  once  the  distance  at  which  they  stand. 

Arithmetical  and  even  algebraical  machines,  of  a  roudimors  oomplic^ed 
nature,  have  heen  itivented  and  constructed  with  great  labour  and  ingenuity ; 
but  they  are  rather  to  be  considered  as  mathematical  toys,  than  as  inaint* 
ments  capable  of  any  useful  apjilicatioa.J 

An  angle,  when  once  measured,  can  be  verbally  and  numerically  de- 
scribed, by  reference  to  the  whole  circle  as  a  unit :  but  for  the  identifieatlon 
of  die  measnre  of  a  right  line,  we  have  no  natoml  nnit  of  this  kind,  and  it 
ia  tliSNfoie  noceesaiy  to  establish  soms  arbitiaiy  standard  with  which  any 
given  Isi^sthB  and  sailacss  may  be  eompared.  It  miglit  be  of  advantage  in 
the  commnnieation  between  different  countries  to  fix  one  sin^  standard  to 
be  emphjyed  throni^umt  the  world,  but  this  does  not  appear  to  be  praoH* 

*  Hist,  et  M^m.  de  Paris,  1727,  H.  142.  Nich.  JoennU    40.   Ph.  TV.  17ftS, 

p.  96  ;  1787,  p.  246. 

t  Pitt's  EXendrometer,  Repertory  of  Arts,  ii.  238.  Fallon's  fngymetcr,  Zach. 
MonatUcbe  Correspondent,  vL  46. 

t  Napier's  Rcckonint?  Rods,  Lcup.  Tli.  Ar.  t.  13.  Robertson  on  Ganter's 
Scale,  Ph.  Tr.  1733,  p.  yO.  Mchobon'a  LogifiUc  Circle  and  Scales,  Ph.  Tr.  1787* 
p.  246 ;  Hencfael's  DeeeriptUm  of  Babbtie's  Csleahiriiig  MssUns^  Tkaaseettims  of 
ths  Cambriilge  FhOoeopUeil  SocMly ,  iv.  42S. 
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caDjr  pomBMB,  em  if  it  woe  dstonniiMd  wlutt  the  aUndsrd  oogkt  to  be. 
''The  etonmtioii  of  IIm  leoehronkm  of  the  small  vibrations  of  a  pendohon, 
•■d  tiie  eue  and  oertainty  with  wliiflli  the  length  of  a  pendulum  vibrating 
seconds  may  be  nscertaincd,  have  fnitryrcsk^d,"  myn  Mr.  Laplace,*  in  his 
account  of  the  eystem  of  the  world,  "  the  idea  of  employing  this  kni^th 
OM  a  universal  measure.  ^\  r  .  aunot  reflect  on  the  prodigious  nuniUer  of 
meaAurea  in  use,  not  only  among  diflFerent  nations,  but  even  in  the  s&ine 
country,  their  capricious  and  inconvenient  diviaiona,  the  dUBenky  of  deter- 
mining Mid  oomparing  Uiem,  tiie  embumannent  and  llie  hmdB  wUdi  tliej 
ooewien  in  oommieroc^  wfthoat  v^gudiog,  m  one  of  the  giettoet.  benefit* 
tiuii  the  fan|inif«inen(i  of  the  eeienoeey  and  the  otdintneeo  of  civil  goireni- 
ments  can  render  to  humanity,  the  adoption  of  a  eystera  of  measuree  of 
which  the  divisions  being  uniform,  may  be  easily  employed  in  cidctilatmns, 
and  which  may  be  derived,  in  a  manner  the  least  arbitrary,  from  a  fuutla- 
mental  aiai^itude  iihlicated  by  nature  itself.  A  nation  that  would  intro- 
duce such  a  system  of  measures,  would  unite  to  the  advantage  of  reaping 
the  first  fruits  of  the  improvement,  the  pleasure  of  seeing  its  example 
followed  by  other  oountriefl^  of  whidi  it  woold  thve  beeone  the  beneftctor : 
for  the  elow  but  imeletible  empire  of  leeaon  nnut  at  length  prnveO  over 
nalSonel  jeakafllM^  and  over  all  other  obetadee  that  are  oppoeed  to  a  mea- 
sure of  which  the  convenience  is  universally  felt.  Such  were  the  motivee 
that  detennined  the  eonstituent  assembly  to  intrust  the  Academy  of  Sciences 
wifJi  thi'^  iTTTpf>rtnnt  rhar^\  The  new  iJv«feTn  nf  wei^^hts  and  measures  is 
the  result  of  the  labours  of  the  Committee,  seconded  by  the  zeal  and  infor- 
mation of  several  members  of  the  national  representation.t 

**  The  identUy  of  the  calculation  of  decimal  fractions  and  of  whole 
onmbers,  leavae  no  dovibt  irith  vHpeot  to  the  advantage  of  the  divliion  of 
meeauea  of  aU  kindB  into  dedmal  parts :  it  ie  inJBeieiit»  in  order  to  be 
oonvineed  of  this,  to  eomp^gp  tiie  dUBcoUy  of  eomponnd  mnltiplieatioii  and 
divirian^  with  the  facility  of  the  same  openitlona  where  whole  numbers  only 
are  concerned,  a  facility  tfiat  becomes  still  greater  by  means  of  logarithms, 
of  whirli  thr  n-e  may  also  be  rendered  extremely  popular  by  simple  and 
cheap  iiifttrumtnLs.  The  decimal  division  was  therefore  adopted  without 
hesitatiun  ;  and  in  order  to  preserve  the  unifunnity  of  the  wbole  system,  it 
was  re8<^ved  to  deduce  every  thing  from  the  same  linear  measure  and  its 
decimal  dlviiioM.  The  qneetlon  wae  then  redueed  to  the  dioloe  of  tfaie 
nnlv«ne]  mumn,  to  which  tiie  name  of  metre  wae  to  be  given. 

The  length  ef  the  pendalam,  and  that  of  a  meridian  of  the  earth,  are 
fte  two  prindpal  etandards  that  nature  affords  us  for  fixing  the  unit  of 
linear  measures.  Both  of  these  being  independent  of  mural  revolutions, 
they  cannot  experience  a  nensible  alteration  without  very  preat  changes  in 
the  physical  const itution  of  the  earth.  The  first  method,  which  is  of  easy 
ex«;utiou,  has  the  inconvenience  of  making  the  meami re  of  leu'/tb  depend 
on  two  elements,  heterogeneous  with  respect  to  itself  and  to  each  otlier, 
gravitation,  and  time ;  beridee  that  the  diviaion  of  time  into  emaO  portf one 

*  Syiiteme  da  Monde,  Uv.  i.  c.  12. 

t  ReportOB  the  oholee  of  a  nnit  of  meieeie,  bv  Borda,  Lscnuge,  Lapbee, 
Moage,  and  Condaml,  M£m,  de  I'AeMl.  Paris,  1788.  H.  M7. 
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is  wholly  arUiirary.  It  was  reived,  therefore,  to  employ  the  second 
method,  which,**  mjb  Mr.  Laplace,  "  appetnto  h«of  verjr  high  antiquity; 
it  is  so  natonl  to  man  to  nfir  meamm  of  dirtanoe  to  tha  dimaMioiia  of 
liie  globe  whieb  he  inhabite,  in  order  that,  in  trMiaporting  hineetf  irom 
place  to  place,  he  may  know,  by  the  denomination  of  the  space  pewied 
through  alone,  the  relation  of  this  space  to  the  entire  circumference  of  the 
earth.  This  mi'tlxMl  Ims  also  the  advantage  of  makinpc  nauticnl  mrnsureH 
corrt'«|><)!id  at  unce  with  celestial  ones.  The  navigator  has  often  ucctuiion 
to  c(>atj>Hre  with  each  other  the  diHUince  that  he  has  passed  over,  and  the 
arc  of  tlie  heavens  corresponding  to  that  distance  ;  it  is  ther^ore  of  conse- 
4|nenee  fhat  theee  meaiazee  diould  be  readily  obtained  from  each  other,  by 
altering  only  the  place  of  the  units,  But»  for  this  pwpose^  the  fdnda> 
mental  unit  ef  linear  measnrcs  must  be  an  aliquot  part  of  the  terrMtrial 
meti^ba,  which  must  correspond  to  one  of  the  divisions  ef  the  circum- 
ference of  a  circle.  Thus  the  choice  of  the  metre  was  reduced  to  that  of 
the  unit  »»f  angular  measure,  and  the  rip:ht  anijle,  constvtutinsr  thf»  Vunit 
of  tile  inclination  of  two  lines  to  each  other,  was  considered  as  euliiied  to 
the  preference. 

**  The  arc,  w  hicli  was  measured  in  1740,  from  Dunkirk  to  the  Pyren- 
nees,  might  have  serred  for  finding  the  magnitude  of  the  quadrant  of  tfm 
meridian ;  but  a  new  and  more  aoeursto  measnranent  of  a  laiger  are  was 
more  likely  to  eaccite  an  interest  in  €sTonr^  the  new  measnies.  Odamii»re 
and  H^chain  were  therefore  intrusted  with  the  direction  of  the  operatioM 
for  measuring  an  arc  from  Dunkirk  to  Barcelona,*  and  after  making  a 
proyxT  rorrection  for  tlie  elli|»ticity  of  the  earth,  accordini^  t<»  the  measure- 
ment of  the  arc  in  Peru,  the  quadrant  was  determined  to  be  equal  to 
5,l.')0,740of  the  iron  toise  used  at  the  cquiiloi,  its  temperature  being  61^*  of 
Fahrenheit :  the  ten-milUonth  part  of  tliis  quadrant  was  takoi  for  the  unit 
or  metre,  A  standard  was  depodted  in  the  enstody  of  tfie  ItigidallTe  body, 
adjusted  at  the  tempersture  of  melting  ice.  In  order  to  be  able  always  to 
identify  this  length,  without  recunrtng  toan  aetnsl  measuremsnt  of  the  an^ 
it  was  of  importance  to  compare  it  very  accurately  with  that  of  the  pen- 
dulum vibrating  seconds,  and  this  has  been  done  with  great  care  by 
Borda,  at  the  oheer%'atorv  of  Paris.  The  unit  of  measiirpH  of  land  is  the 
are,  or  100  st|uare  inptres  :  a  cubic  metre  of  wood  is  called  a  stere,  and  a 
cubic  decimetre,  or  a  he  of  which  the  side  is  one  tenth  of  a  metre,  is  a 
litre,  or  measure  of  fluids. 

«  Unifoimity  appciu!ed  to  require  that  the  day  should  be  diYided  into  ten 
hoQiB^  the  hour  hito  a  hundred  nuuutei^  and  the  minute  htto  a  hundred 
ssconda.  This  dlTision,  ussfiil  as  it  will  be  to  astnmomari^  is  of  less 
advantsge  in  civil  lilli^  where  aiithmetlca!  ]  orations  are  seldom  polbraied 
on  the  parts  of  time ;  and  the  difficulty  of  adapting  it  to  docks  and 
watches,  toijether  with  our  commercial  relations  with  for^gn  ooontriei^ 

*  Delmnbre,  Bade  du  Syqt 'rm  ^vTrtri qur-,  3  vols.  4to,  Paris.  A  fourth  volume,  the 
work  of  MM.  Biot  and  Aragu,  was  added  in  1821 .  They  extended  the  survey  to  the 
Usnd  nf  Formentera.  Consult  also  Reports  to  the  National  Institute.  R«ner*e 
Jouma],  xUii.  169.  Jour,  de  Phyf.  xltv.  (1).  H!.  l?ull,'tiii  rlr  h  Soc.  niH.  n.  2«. 
Nich.  Jour.  iii.  316.  Fh.  Mag.  i.  269  ;  and  the  article,  i'  lyure  q/  the  Earth,  bj 
Aitff  in  tiie  Bnc|doiNBdia  MetwpoMlinei 
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ham  flCHfteiided  its  introducdon  for  the  present.  We  inay,  however, 
expect  thai  It  vlli  uitimatdjr  be  bionght  into  general  tue*" 

Sndi  is  Xr.  LaplaoePe  aoeooni  of  the  ii«w  lyatem  of  meamne,  iha  Teeoft 
0r{ht  joint  laboon  of  numy  of  die  abket  mallienMtuians  on  tho  oontanent» 
There  b  not  at  present  any  great  probability  that  it  will  ever  1)6  employed 
In  thb  country.  It  ia  of  little  comeqnenoe  from  wbat  tba  original  unit  has 
l»wn  (li  i  iN  t  I,  nrtlcsn  wt»  can  with  ease  and  accuracy  recur  to  its  origin  : 
and  whttiur  a  .-tamiaiil  h;\s  lipcn  first  adjusted  according  to  the  circum- 
ference of  the  glube,  or  to  the  foot  of  an  individual  hero,  thv  facility  of 
comparing  other  measures  with  it  is  the  same.  It  is  euuftHi^'d  that  the 
pendulum  affords  the  readiest  metliud  of  recovering  tlie  standard  when 
left;  and  if  it  waa  neeeaiaiy  for  the  Gomndttea  of  the  French  Academy 
to  deteimine  a  vnit  abaolntdy  new,  it  wooM  pecKapo  have  been  mora 
digiblft  to  fix  on  ona  wluck  waa  independent  of  any  ullerior  oompariaon, 
than  to  leek  for  an  ideal  paifcction  in  ailerapling  to  copy  from  a  more 
roagnifioent  original ;  to  say  nothing  of  the  uncertainty  with  regard  to  the 
eUipticity  of  the  earth,  au'l  the  probable  irregularity  of  its  form  in  various 
refi]>pct'*.  On  the  other  han<i,  it  must  be  allowed,  thnt  the  correct  deter- 
mination of  the  length  of  the  pendulum  hns  s<>nietune»  been  found  more 
difficult  than  Mr.  Lapiace'ii  statement  would  lead  us  to  suppose  it,  and  we 
cannot  depend  on  any  nwasuiemeni  of  it  as  totally  exempt  from  an  error 
rftha  ten  thoMMidth  part  of  the  whole. 

Tfaa  matifl^  aa  definittraly  eetabliahed  by  tha  gownment  of  Fmnoe^  la 
equal  to  SB^Ovw  Engliah  Inches  meaenxed,  aa  it  baa  been  nioal  in  tiiia 
country,  on  a  st^mdard  scale  of  brass,  at  the  tempeiature  of  02^  of  Fah- 
lanheit;  while  the  French,  on  the  contreiy,  reduce  the  length  of  their 
measures  to  that  which  they  wonltl  ac(|uire  at  the  freezinj^  point.  Hence 
ten  thousand  inches  are  nearly  [iK  trf^t,  a  thousand  feet  y06  metres. 
The  lenpth  of  tbe  pendulum  vil  i  uting  seconds  in  London,  was  found  by 
George  Grithaui,  from  a  mean  of  several  experiments,  all  agreeing  very 
nearly  together,  to  be  SlVinr  inches.  This  is  also  nearly  a  mean  between 
Ika  length  wUdi  may  be  dednoed,  irith  proper  eonaetiooi^  from  Borda'a 
eaqperimenta  at  Parii^*  and  Ifr.  WhUehunt'a  ezperimenta  made  in  Loii« 
d«ni,t  with  the  ^pantna  invented  by  Mr.  Hatton^  where  tha  kngUi 
ascertained  ia  the  dilierence  between  the  lengtha  of  two  pendnhima  vibrat- 
•  ing  in  diflferent  times.  Mr.  Whiteluirst's  measures,  however,  require  some 
corrections,  which  Mr.  Nicholson  has  pointetl  out.  The  fall  of  a  heavy 
bo<Iy  n\  tlio  fir«t  wcond  apjH'Hrs,  frmn  this  detenu ination  of  the  length  of 
the  pendulum,  to  be  sLvteen  fi  t  t  uk  inch  and  a  tenth. 

Of  tlie  old  French  measure,  1.5  iticlus  made  nearly  IC  English,  and  7G, 
very  exactly  Bl ;  the  toise  was  7(>i^V%  inches.  In  Germany  the  Uhiuland 
foot  u  generally  used ;  100  of  theee  feet  make  103  Engliah. 

A  wina gallon  oontalna  231  enbio  inehea;  an  ale  gallon  ia  tha  content  of 
10  yaida  of  a  cjllndiioal  inch  pipe. 

*  See  Base  du  Systeme  M^trique,  toI.  iii. 

t  WhiU  hurst's  Attempt  to  obtiun  Meuiiurea  of  Length  from  the  Measnrement  of 
Tbne,  4to,  Lond.  17H7.    Do.  on  Penduloms,  1792. 
t  Uatton'i  Maduae  for  finding  a  StHuUrd.  Truis.  of  the  Soc.  of  Acts,  1. 238. 
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A  viriety  of  UMferanwBli  «M  used  Ibr  immediate  oomparison  of  the 
Btondard  measare  or  its  parts,  with  odier  lengths  or  jfiitamm  Saeh  mn 
tietka,  aimpie  and  diagonal,*  v«niiei%  niicnmutar  aofm^  beam  wmpaawi^ 
lodfl,  lines,  diaiiis,  and  maasnnng  wlwela.  The  gfoateat  aoommcy  hm 
genaally  been  euppoeed  to  be  obtained,  in  large  diatenefla,  by  means  of 
rods,  made  of  glass  or  of  platina,  in  order  to  be  lees  eo8eq>tibIe  of  sndl 
changes a»  are  producffi  by  variations  of  temperature;  General  Roy,t  how- 
ever, found  that  a  j<teel  chain  wjm  as  little  liable  to  error,  as  any  mode 
that  he  could  employ  ;  aud  those  who  have  continued  tlie  extensire  mrrpj 
wliich  he  began,  even  prefer  it  to  every  otlier.J  For  the  couii)arist»ii  of 
standards,  and  for  determining  small  distances  with  great  predsioo,  beam 
oompassesy  or  eeales  wtth  aHAng  Indices,  funiehtd  with  mfaroeeopee  and 
eroiB  wira^  have  been  oonabnieted  bgr  the  artiiie  of  tbie  ooonfeiy;  in 
fWiee  a  lerer  lias  someUmes  been  inttodnoedt  its  longer  ann  haring  an 
ample  ranu^o  of  motion,  oorreqionding  to  a  verymiaiile  difierenoe  In  tfm 
length  of  the  substance  which  acts  on  the  shorter  arm.  But  for  common 
purposes  tlie  diagonal  scale  is  sufficiently  accurate,  and  may  be  appliii>d 
w  ifhniit  thi'  error  of  the  thouHandth  of  an  inch  :  in  cases  where  a  very 
delicate  vernier  or  a  micrometer  tscrew  is  applie<l,  n  rna^nifier  is  usually 
required.  Mr.  Coventry  has,  however,  succeeikU  in  mak giniple  scales 
which  are  accurate  enou«,'h  to  lueabure  the  ten  thousandth  of  an  inch. 
He  draws  parallel  lines  on  ghuis,  at  this  dietanoe,  whleh  are  in  some  parts 
sulficlently  regular,  although  they  can  only  be  seen  by  ihehelp  of  a  power- 
ful microscope :  but  those  which  are  at  the  distance  of  {he  five  thonaaodth 
of  an  inch  are  much  more  correct  and  distinct.  Fbr  dividing  rectilinear 
scales  id  all  kindi^  Mr.Ram8den§  constructed  a  madiiae  which  acts  by 
the  turns  of  a  screw :  others  have  employed  an  appoxalas  waemhling  Mai^ 
quois's  parallel  rulers.    (Plate  VII.  Fi?.  05. ..97.) 

The  111  . ♦i  n  of  a  ship  at  sea  is  measured  hy  a  lojr  line,  or  a  rope  divided 
by  knots  into  e<pial  parts,  and  attached  to  a  loir.  wUn  h  is  retained  nearly 
at  rest  hy  the  resistance  of  the  water.  AttcmpU  liave  also  been  made  to 
cause  a  little  waterwheel  to  torn  by  the  molion  of  the  ship,  and  to  measnre 
both  the  rate  and  the  distance  ran ;  and  an  inatranMiit  has  been  inrented 
for  doing  the  aame  upon  hydraulical  prindpies ;  raising  the  water  of  a  gage 
to  different  heigbtfl^  by  means  of  the  pressore  occasioned  by  the  rdative 
motion  of  the  ship  and  the  water,  and  discharging  at  the  same  time  a 
gmaH  stream  into  a  nmrrdtp  with  a  veiodty  proportional  to  that  of  the 
aiiip. 
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Wb  1isf«  enciwrfned  tiie  pfindpil  inetrameiili  and  niAttriale  flmployed 

for  drawing  and  for  measuring ;  we  an  now  to  tmuM/t/t^  fize^  the  methods 
of  copying  solids,  and  of  projecting  ibeir  images  on  a  plane  surface ;  and 
secondly,  the  arts  of  perpetoatiag  the  woike  of  the  pen  and  of  the  pencil 
by  engravinpr  and  printing. 

When  it  is  required  tomalce  a  ropy  of  i  solid  of  an  irretrular  form,  as  for 
example  of  a  statue,  nm-  must  dettiiiiiat)  the  siiuaiiou  of  a  sufficient  num- 
ber of  points  to  guide  u»  in  our  work  with  accuracy,  by  meaua  of  an 
hulnuMii^  oapaUa  of  being  fixed  in  any  required  situation ;  so  fbat  the 
•itNmily  ef  a  aHding  te  or  pin  may  be  in  ooBlaei  with  eadi  point  in  the 
original,  and  llien  lemoted  to  a  eimiiar  part  of  aaodier  Irame^  on  whkd^ 
CO}) y  is  placed,  a  perfSmalioii  being  made^  by  d^rees,  in  the  block,  so  as  to 
suffer  the  pin  to  anive  aA  ita  praper  piaot^  at  which  it  itopa.  (Plate  VII. 
Fig.  08.) 

The  model  of  a  statue  is  p:cnerally  first  niftde  of  clay,  and  a  cast  of  this 
taken  immp<liat^ly  in  pluHter  of  Pnris,  since  the  clay  would  crack  and 
change  its  form  in  drying.  Thi.^  lutjUc  of  copying  by  means  of  plaster  is 
exceedingly  useful  in  various  departments  of  the  mechanical  arta :  the 
original  ia  well  (died  and  piaoed  In  a  proper  vessel ;  a  mixture  of  prepared 
pkeler  and  water,  of  the oonaUtence  of  oieam,  is  then  poured  on  it;  tliia 
in  a  ehort  time  hardeni^  and  ie  divided  into  sevenl  parte,  in  encba  manner 
as  not  to  injure  the  original  fiigore  in  its  remeva].  These  pieoei^  being 
again  united,  taan  a  monld  for  tiw  nltimato  caet  Sometimea  a  email 
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^gfm  it  fint  moddbd  in  a  mixture  of  mac,  tupenliiie,  and  oil ;  and  m 
mould  being  formed  on  thii^  tlie  ultimate  cast  is  made  either  uf  plailar,  or 
of  a  composition  of  wax  with  white  kad  and  a  little  oii^  which  seme  aa 

ail  imitation  of  innrMe. 

We  have,  liowever,  much  less  frequent  occasion  to  make  an  exact  copy 
of  a  solid  of  any  kind,  than  to  represent  its  api>e&ranc^  by  means  of  per- 
spective delineation.  Supposing  ourselves  provided  with  proper  materials 
for  drawing,  we  may  easily  in^tatBi  with  the  aariatanoe  of  a  oofveet  ej% 
and  a  hand  well  exerdaedy  the  fignrea  and  relatiTe  poritiona  of  objeole 
actually  before  na,  by  ddinealing  them  in  tibe  same  form  bk  th  y  would 
appear  to  be  projected  on  a  transfMUWlt  surface  placed  before  the  eye. 
Considerini,'  the  simplicity  of  this  process,  it  is  almost  suTprising  that  the 
<loctrine  of  pcrj^pective  should  have  been  suppose*!  tt)  reijuire  a  very  serious 
Btudy,  and  tlutt  material  errors  should  have  been  committ4?d  witli  resjyect 
to  it,  by  men  whose  general  merit  in  other  departments  of  painting  is  by 
no  means  contemptible.  But  it  must  be  confeaeed,  that  when,  Inrtead  of 
imitating  objeetaiumidiateljhefom  ns,  the  pencil  is  employed  ln«mhod|j'<- 
Ing  imaginaiy  lionni^  calculated  ather  for  beanty  or  for  nlililj,  a  gteaft 
degree  of  care  and  attentbn  may  be  necessary  in  order  to  produce  a  tmo 
representation  of  objede^  which  are  either  absent,  or  have  no  existence : 
and  here  memory  and  fancy  only  will  scarcely  ever  bo  snffirient,  without  a 
recurrence  to  m?tthfinritir;i]  ]iriiiciplp«.  To  architects  therefore,  and  to 
mechanics  in  general,  a  knowledge  of  j>er»pective  is  almost  juilis|>ensable, 
whenever  they  wish  to  convey  by  a  drawing  an  accurate  idea  uf  their 
projected  woiki. 

If  any  wHiietanoe  be  n^nived  Isr  the  dejinaitioii  of  aa  object  aetaaSj 
before  no,  it  maj  easily  be  obtauud  in  a  meohaMind  manner,  by  manna  of 
a  fiame  with  croea  threada  or  wiiea  intopoeed  between  the  eye  and  the 
objecU  The  egro  la  applied  to  an  aperture,  wbidi  must  be  fixed,  in  order 

to  preserve  the  proportions  of  the  picture ;  and  which  mtist  be  small,  in 
order  that  the  threads  and  the  more  distant  objects  may  be  viewed  the 
same  time  with  sufficient  diefinctness.  The  paper  being  ftmiishi  l  with 
oorresponding  lines,  we  may  ol>Herve  in  what  (iivision  of  the  frame  any 
conspicuous  point  of  the  object  appears,  and  may  then  reprea^t  its  image 
by  a  point  ahnilaiij  ritnatad  among  the  Bnea  drawn  on  onr  p^er ;  and 
having  obtained,  in  thla  manner,  a  anfficiant  mimber  of  points,  w«  may 
oonqdete  the  4giifea  by  the  addition  of  proper  ontlinea.  Sometimee,  for  the 
delineation  of  large  objeote  requiring  doae  infection,  it  has  been  found 
useful  to  employ  two  similar  frames,  the  one  a  littie  smaller  than  the 
other,  and  placed  nt  n  certain  distance  from  it ;  so  that  every  part  of  the 
object,  when  Hceii  tlii.)UL:li  tlie  corresponding  divisions  of  both  frames, 
appears  in  the  same  nKuiner  as  if  tbe  eve  %vere  situated  at  a  very  remote 
point.  It  was  hi  iIuh  manner  that  the  elegant  anatomical  hgum  of  Albinoa 
wen  ezeculod.  (Plate  VII.  Fig.  99.) 

Bnt  if  it  be  required  to  lay  down,  in  the  plana  of  a  pietunb  iiie  projeetioQ 
of  att  object  of  which  the  aetnal  dimenaiona  and  aitnatton  are  giwn,  wa 
may  obtain  the  requisite  meaanrea  from  the  properties  of  HlmOar  triangles, 
and  the  consideration  of  the  leotiluMar  motion  of  light  We  may  coneidar 
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our  picture  as  areduccnl  copy  of  a  prujecUon  formed  on  an  imaginary  plane, 
which,  as  well  as  the  picture,  is  generally  supposed  to  be  in  a  vertical  situa^ 
tko,  and  whkji  stttnds  on  die  horlsoutai  plane,  at  the  point  where  the 
ob|eet8  to  be  repieeented  b^gin.  In  order  to  find  the  posttioa  of  the  image 
of  a  g^von  lig^i  Ime,  we  must  deteminA  tiio  point  in  which  a  lint  paiaUel 
to  it  paning  through  the  place  of  the  eye  oats  the  piano  of  the  pictnva ;  tills 
ia  called  the  vanishing  point  of  the  given  line  and  of  »U  other  line?  parallel 
to  it,  sinc  e  the  nnri::'r  of  any  such  line,  continued  without  limit,  will  he  a 
right  lin.  lil  t  <  t'  ]  t  u  this  ]>oint,  but  never  passing  it.  When  the  lines  to  l>e 
represented  are  parallel  to  the  picture,  the  distance  of  their  vanishing  point 
beoom»  infinite,  and  their  images  are  also  parallel  to  the  lines  and  to  oaeh 
otiMr.  Tlweeiitraof  thepietaxo^orthatpolntwliioliitnflonittoflM  ^yo^ 
ia  flie  Tanidiing  point  of  aU  Unas  peipendicnlar  to  tfao  piotuo ;  tliionji^ 
tbiapoint it busnal todiawahoiiaontaland averticallina:  wemajtiien 
layoff  downwards  on  the  vertical  line  the  distance  of  tllO  eye  from  the 
picture,  in  order  to  find  the  point  of  distance,  ^vliieli  servos  to  determine 
the  position  of  any  ol)liqnf>  lines  on  a  horizontal  plane  ;  for  if  we  draw  a 
ground  ]>l:iu  of  any  object,  considerint'  tlie  j  icture  as  a  horizontal  surface, 
we  may  Imd  the  vanishing  jwint  of  eacli  of  its  lines,  hy  drawing  a  line 
fMLrallel  to  it  through  the  point  of  distance  until  it  meets  the  horizontal 
Taniflhii^  line.  (Plate  VIL  Fig.  100, 101.) 

In  Older  to  find  the  poiitionof  the  image  of  a  given  point  of  n  line^  we 
must  divide  the  wbde  image  in  sndi  a  niaaner  that  iti  parte  niay  be  to  eadi 
other  in  the  same  proportion  as  the  distanoe  of  the  given  point  and  of  the 
eye,  from  the  plane  of  projection.  This  may  be  readily  done,  when  a 
ground  plai!  has  heen  first  made,  by  drawing  a  line  from  any  point  in  the 
plan  to  the  point  of  di^^tanco,  which  will  cut  the  whole  image  of  the  line  in 
the  point  required,   (i'iate  Vll.  Fig.  102.) 

Wl^  it  is  required  to  determine  a  point  in  a  line  parallel  to  the  picture^ 
we  may  anppooe  a  line  to  be  diawn  Udmugh  it  perpendiooiar  to  the  piotoie^ 
and,  by  findii^  the  imege  of  thie  line^  we  may  intenwet  tlie  Ibnner  imege 
in  the  point  reqniied.  Itiethnetiiattiielu^htof  anynmnberof  adonina 
or  figures,  at  diifoenAdietaiieei^  may  be  readily  detennined*  (FSateVUL 
Fig.  103.) 

The  projection  of  cTirvilinear  figtirea  is  most  conveniently  effected  by 
drawing  across  them  ]i;Lral!el  lines,  which  form  small  s<|uarei<  <^r  rectangles, 
throwing  these  divisions  iiito  perspective,  and  tracing  a  curve  through  the 
corresponding  points.  There  are  ako  methods  of  determining  mathemati'* 
ceUy,  or  of  dnwing  meebanieaDy  the  ellipsis,  whidi  zeantta  firom  the 
projeeUon  of  a  drole,  in  a  given  position,  but  they  am  eondderably  Intri- 
oeto»  and  a  eteady  hand  ie  eddom  in  want  of  them.  (Plate  VIIL  Fig.  104) 

Tliie  ayetem  of  perspective  mnet  neoMBanly  be  employed  when  we  wiah 
to  represent  objects  which  appcair  to  us  under  angles  of  considerable  mag- 
nitude, nnd  to  eive  them  as  much  as  possible  the  appearance  of  an  imitation 
of  nature.  But  for  almoj*t  all  purposes  of  science,  and  of  meclianical 
practice*  the  most  convenient  representation  is  the  orthographical  projection, 
where  the  distance  of  the  eye  from  the  plane  i&  anp^md  to  be  increased 
without  Umit,  and  the  raye  of  light  passing  to  the  eye  to  be  pandlel  teeaflh 
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othtr*  In  ordflr  to  nprewni  any  o1»j«ci  in  tbit  mioiMrt  ^  mfc  mnauB 
one  line  for  the  dinottitfi  of  the  oentra  of  the  pietare^  to  whidi  the  imagee 
of  all  lines  perpendicular  to  tlie  plane  of  projection  must  Ije  ])ar3llel,  and 
^nmiliAr  for  that  of  the  point  of  distance,  by  means  of  which  we  may 
neasure  the  first  lines,  as  if  that  point  were  actually  within  reach  ;  and  in 
this  manner  we  may  determine  th^  place  of  any  number  of  pointe  of  the 
object  to  be  delineated.    (Pliite  VIIT.  Fij?.  105.) 

If  we  wihh  to  apply  the  luechaiiical  meLliod  of  drawing  by  the  asBistance 
of  a  fiame  to  this  mode  of  vqireaentation,  instead  of  a  fixed  apertoio  fiir  n 
sight,  or  a  seoond  frame  of  amaller  dimenaionB,  wo  mvat  employ  a  oeeeod 
frame  of  the  aame  mafpiitnde  with  the  fitat,  in  the  mattner  which  haa 
already  been  deenibed.  Profeasor  Camper*  has  censured  Albinus  for  not 
adopting  tiiia  method  in  his  figures  :  but  subjects  so  laige  as  those  which 
be  has  represented  would  have  had  less  of  the  appearance  of  nature,  if  they 
had  l^een  pmirTt*  orthup^raphicaUy,  nor  would  such  projections  have  been 
matcriullv  nioit-  active. 

It  frequeatiy  liappeu^  that  in  geographical  uud  astronomical  drawings 
we  have  occasion  to  represent,  on  a  plane,  the  whole  or  a  port  of  a  spherical 
aniface.  Hen,  if  we  employ  the  orthographical  projection,  the  dirtoiCioiB 
wiU  be  indi  that  the  parte  near  the  appannt  ciiatrnftrenoa  win  be  ao  modh 
contracted  as  to  render  It  impoanble  to  axMblt  tiiem  with  disttnctness.  It 
ifl^  therefore^  more  oonveiueiit^  in  this  case,  to  employ  the  stereographieal 
projection,  where  the  eye  is  supposed  to  be  at  a  modemte  distance  from  the 
object.  Tlie  place  nf  the  eye  may  be  assumed  either  within  or  witliout  the 
sphere  at  pleasure  ;  and  accordini,'  to  the  magnitude  of  tlit  portion  wliicli 
we  wiah  to  represent,  the  point,  from  which  the  sphere  may  be  viewed  with 
tiie  least  distortion,  may  be  determined  by  calculation,  itat  in  th^  cases 
all  eirdes  obliquely  situated  on  the  sphere  moat  be  roproeented  by  elli|wea : 
Hiera  is^  however,  one  point  in  which  the  ty  may  be  placed,  iHiieh  haa  the 
peeoliar  and  important  advantage,  that  the  image  of  every  drele,  greater  or 
baser,  stiU  remains  a  circle.  This  point  is  in  the  surface  itself,  at  the 
extremity  of  the  diameter  perpendicular  to  the  jdane  of  projection ;  aud 
this  is  the  point  ii'sually  employed  in  the  stereo<jraphical  projection  of  the 
sphere,  which  nerves  for  tlie  geometrical  construction  of  problems  in  spheri- 
cal trigonometry.  The  projection  of  the  whole  surface  of  the  sphere  would 
occupy  an  infijiite  space,  but  within  the  limits  of  the  hemisphere,  the 
nlmoat  distortion  of  the  linear  meaanre  ia  only  in  the  proportion  of  8  to  1, 
each  degree  at  the  dnninifntenca  of  the  fignie  oeenpying  a  space  twice  aa 
great  as  at  the  centre*  The  an§^  which  the  circles  fonn  in  ctosaing  each 
other,  are  also  correctly  represented.   (Plate  VIII.  Fig.  106.) 

For  projecting  figures  on  ctirved  or  irregular  surfaces,  the  readiest  method 
is  t<i  trace  cross  lines  on  tliom,  with  the  assistance  of  such  a  frame  as  has 
l»een  <leiM.'riI>ed  for  drawiuj*  in  persp^tive,  rtipresentin?  the  appearance  of 
uniform  squares  or  rectangles,  and  to  delineate  in  each  of  these  the  corro- 
sponding  parts  of  the  object^  or  of  the  drawing  which  sorves  as  a  copy. 

Tike  arts  of  writing  and  drawing,  in  all  tfaehr  varieties,  are  axlanded  in 

*  Cogan's  Translation  of  Camper,  on  the  connectioD  between  Anatomj  and  the 
Aftsof  Enatiiig,  Seolptwe,  fee.  4to,  ImmL  17M. 
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tiuir  perftmiaiiefl^  and  perpetutod  in  Hhgtt  duitlion,  by  mtmrn  ti  tt- 
gfrnrfaig  and  printimp.  if  tbeve  is  any  qua  cueimalaiiea  to  whidi  waaan 
peoofisify  ailkiilnrta  Ilia  more  rapid  progreas  of  gananl  aiTiliaation  in 

dam  tliaa  in  ancient  times,  it  is  the  facility  of  makiplying  copies  of  literary 
produelleBa  of  all  kinds,  by  the  aaaistance  of  these  arts.  The  distinguishing 
charactpr  of  ]»nntin!»-  con.sists  in  the  employment  of  moveable  types :  thf  firt 
of  engraving  is  more  simple,  and  in  some  of  its  forms  more  ancient.  Tiie 
Romans  were  in  tlie  habit  of  nsing  seuln  and  stam})s,  for  marking  letters 
and  wurds  on  wax  and  on  pottery ;  it  was  UHual  in  tiie  middle  ages  to 
amploy  prorated  plalaa  of  matol  aa  pattanafor  gnidiiig  a  bniali,  by  meaaa 
of  whicli  {lie  capital  fettaia  were  inaartad  In  aonM  nuaraaeripts,  and  .tba 
Chinaaa  am  aaid  to  haTa  baan  kng  in  poaaearfonof  Ilia  aft  dt  pfintlngbooka 
firam  wooden  Ijlocks.*  It  was  in  this  form  that  printing  was  first  infero- 
duced  into  £arope,  in  the  beginning  at  tiia  fifteenth  oentory.  T^re  aaama 
to  have  lieen  fonnerly  a  method  of  ^'risTflWncr  on  wood  with  greater  ease 
and  accuracy  thp.n  is  now  jiractiseti  ;  the  hat<'hes  may  he  observed  in  old 
Wooden  cuts  to  cross  each  other  more  frequently  and  with  greater  freedom, 
than  in  modem  works,  although  some  liave  conjectured,  with  considerable 
appearance  of  probability,  that  th^  old  anffaTinga  wen  in  reality  etched 
in  relief  on  metal.  The  ait  of  angmTing  on  wood  ia^  howavar,  at  pteaent 
in ahigh degree  of  perfeetion  in tUa  oonntiy,  and  Uoeka  are  otUlfreqiMnlly 
uaed  liar  mathcnmliGai  diagrama  and  other  dmpla  figoree  i  for  aUhongh 
thcj  are  somewhat  more  expensire  than  copper  plate;^,  they  wear  mneh 
longer,  and  they  have  the  advantage  of  being  printed  off  at  the  same  time 
with  the  letter  press,  and  of  l>ein£j  included  in  the  same  page  with  the  text 
to  which  they  belong,  sint^  the  ink  is  applied  to  the  projecting  parts  iMody^ 
both  of  these  cuts  and  of  the  common  printing  type&t 

The  method  of  engraving  on  plates  of  pewter  or  of  copper,  and  of  taking 
impressions,  by  meona  of  the  povliciii  of  ink  letainad  in  Ifao  fimowa  out  by 
the  grawr^  waa  ahM»  introdneed  in  lha  fiftemtti  oentoiy*  For  dry  ongiaTing^ 
IIm  drawing,  if  it  ia  not  oneeuted  in  black  lead,  ia  generally  prepared  by 
passing  a  pencil  over  its  principal  features,  and  the  outline  is  transferred  to 
the  plate,  which  has  a  thin  coat  of  whit^-  wax  laid  on  it,  by  placing  the 
drn.winir  on  it,  and  ruljbinf  it  with  a  bnrnisher;  sometimes  a  drawing  in 
Indian  ink,  especially  if  freed  from  a  part  of  its  gum,  may  be  transferred 
in  this  manner  without  the  application  of  a  pencil.  When  written  charac- 
ters are  to  be  engaved,  the  plate  is  laid  on  a  cushion,  so  as  to  he  readily 
toned  nnder  the  graver,  which  ia  a  great  oonyenienoe  in  forming  emrvad 

In  laying  on  eqnaiUe  ahadee  of  oonaiderable  extent^  mndi  laboor  ia  aaved 

by  the  use  of  a  ruling  machine,  wbieh  enables  us  to  draw  lines,  at  any  re- 
quired distance,  very  accurately  parallel,  and  either  straight,  or  following 
each  other'a  gentle  nndiilatione»  in  order  to  avoid  the  appearance  of  etifineea. 

*  Da  HaUe,  Deaoriptkm  de  I'Empire  de  la  Chine,  4to.  1736.  Zani,  Materiali 
per  Sarvire  aUa  Storia  dell'  Incisione  in  Rame  ein  Legno,  Parmu,  1802. 

f  An  account  of  the  re-discovery  of  the  mode  of  dccarlxinizinp  stt  t-l  so  as  to  ren- 
der it  capable  of  being  ei^aved  on,  will  be  found  in  the  Tr.  of  the  Soc.  of  Arts, 
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Tfaii  imcMw^  Ufa  thft  diiiding  engine,  is  mmMwum  a4|ttited  If  tha  nvoln* 
tions  of  a  aeieir,  and  aonwtiinM  by  tiM  oUlque  motion  off  a  iriuigiikr 
•Bder.  Beddes  tlw  cutting  giaiwap,  which  S>  off  a  primiatic  fona,  tenninatiiit 
hj  an  obliqno  surfaoe^  other  ixkatnunenta  an  oocHionaUy  employed  ;  the 
dry  needle  makes  a  very  fine  line,  and  leaves  IllO  metal  that  it  has  displaced 
to  be  rubbed  off  by  another  tool.  Sometimes  a  number  of  detached  exca- 
vations are  formed  by  a  poiT^tod  instrument,  and  the  projections  are  after- 
wanls  removed  ;  this  is  calie*l  stippling.  A  burnisher  and  nonie  charcoal 
are  required  for  erasing  the  struke-s  of  the  graver,  when  it  is  iifctsidary,  and 
for  polihJiing  the  surface.  It  is  seldom,  however,  tliat  a  plate  in  bt^un  and 
completed  by  dry  engraving  only. 

For  engraving  in  menotinto,  the  plate  is  xouj^iened,  by  scraping  ii  in 
eveiy  darsetion  with  a  tool  made  for  the  pntpose^  so  that  an  imprsssion 
item,  it,  in  this  state,  would  be  wholly  dark ;  the  lights  an  then  insertsdy 
by  remoTiqg  the  inequalities  of  the  surface,  in  paiticnlar  parts,  by  means 
of  a  smooth  scraper  and  a  burnisher.  As  the  plate  wears  in  printing,  some 
of  these  parts  are  liable  to  have  the  grain  a  little  raised  again,  so  that  the 
li'/hts  are  less  clear  in  the  later  imf)res8ion8  than  in  the  proofs.  It  is  weU 
known,  that  in  common  eugraviugs  the  proofs  are  usually  the  darkest 
throughout. 

The  most  enpedttioaa  and  most  generally  nseftil  mode  ef  WQnUng  on 
copper,  is  the  piooess  of  rtdiiiig*  The  phite,  being  oorered  with  a  proper 
miiishy  is  usually  bleckened  with  smoln^  and  the  drawing  is  placed  on  il» 

with  the  interposition  of  a  paper  nibbed  over  with  red  ehalk,  which,  when 
the  drawing  is  traced  with  a  wooden  point,  adheres  to  the  varnish,  in  the 
form  of  the  outline :  or  if  it  is  required  that  tlie  ultimate  impression  be 
turned  the  same  way  ns  the  drawinfr,  an  intenriodiftte  outline  must  be 
procured  in  the  same  nianiier  on  a  separate  paper,  and  then  transferred  to 
the  plate.  All  the  outlines  thus  marked  are  traced  with  needien,  which 
make  as  many  furrows  in  the  varnish,  and  leave  the  copper  liare ;  the 
diades  an  inserted  mth  the  assistance  of  the  ruling  ms<ihine,  whenver 
IMrsM  lines  can  be  employed.  The  plate  thus  prepared,  and  famished 
with  an  defated  border  off  a  proper  consistence^  is  snbjecled  to  the  aetioii 
off  the  diluted  nitric  acid»  nntU  all  the  parts  an  sofBiciently  oofiodedy  can 
bung  taken  in  the  mean  time  to  sweep  off  the  air  bubbles  as  they  collect^ 
and  to  stop  out,  or  cover  with  a  new  varnish,  the  lighter  parts,  which  are 
soone^  completed.  When  the  varnish  is  removed,  the  finishing  touches 
are  added  with  the  graver  :  and  if  Uie  plate  requires  further  corrosion,  the 
Varnish  niny  sometimes  he  replaced,  without  fillitiu-  up  the  lines,  hy  tij<ply- 
ing  it  on  a  hnii  or  cusiiion,  t-aking  care  to  avoid  any  oblique  mutiun.  it  is 
said  thai  the  acid  sometimes  operates  so  as  to  undermine  the  metal  on  eaeh 
eide^  and  to  render  the  fnmwa  wider  as  they  beoome  deeper,  and  thai  for 
this  reason  in  etchlnga^  as  well  as  in  maaiwtintns^  the  latter  impressions 
an  sometimes  dailaBr  than  the  prooli ;  but  this  is  by  no  means  universally 
tmSb  It  is  well  known  to  chemists,  that  i^aaa  may  be  comded  in  a  similar 
manner  by  means  of  the  fluoric  acid. 

An  etching  may  also  be  expeditiously  executed  by  using  a  varnish 
mijwd  with  mutton  fat,  and  drawing  upon  a  paper  kid  on  the  pkte ;  the 
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▼amiah  then  mStam  to  the  back  fli  tiM  paper,  under  the  Unet  which  an 
dnwn,  and  Is  inmadiately  nmored  when  iha  paper  » taikoi  olF»  withoai 
thaiueof  needke.  Somedinas  Iha  mitHiM  only  art  alehad,  and  tfaa  plale 

is  finished  in  mezzotinto. 

In  the  mode  of  tngravingf  called  aqua  ttnta,  the  outline  having  heen  first 
etched,  the  shades  are  also  produced  by  corrosion,  the  parts  heincr  prepared 
by  various  methods,  so  a«i  to  he  partially  protected  from  tlie  action  of  the 
acid.  Sonietiuies  a  little  resin,  very  finely  powdered,  is  sifted  on  the  plate, 
which  is  then  sufficiently  wanned  to  make  the  particles  adhere  to  it ;  some- 
times  it  is  varnished  with  a  sptiitiioiu  lolvtion  ef  rvin,  wUeh  endcs 
fluonghont  in  drying :  and  If  a  strong  line  be  any  whrnre  required,  it  may 
be  traoed  with  a  mixtore  of  whiting  witii  aooia  adheiiTa  aabdanoey  bafora 
tiie  vamish  is  laid  on  ;  tUs  will  cause  it  to  break  up  at  tiiat  put ;  or  tiba 
tarnish  may  be  partially  removed,  by  rubbing  it  with  sprits  or  wUh  an 
essential  nil.  Tlu  lighter  parts  may  he  covered,  during  the  corrosion,  with 
a  second  varnish,  which  defend'^  them  from  the  acid.  This  mode  of  en- 
graving succeeds  very  well  in  iiaitating  the  effect  of  drawing^?,  hut  the 
plates  are  soon  worn  out.  In  order  to  judge  of  the  state  of  the  work,  an 
impreaeion  of  any  part  of  tiw  plate  may  be  taken  off,  by  pouring  on  it  a 
fittie  plaBler  of  Paris  mixed  witii  water. 

Mnaical ehaxaeten are nanaify stamped  witii  pondus;  In  tills eoonlryy 
on  plates  of  pewter,  but  in  France  generally  QQ  Copper.  Mr.  Bochon  * 
has  invented  a  machine  for  stamping  letten  on  copper,  inatiad  of  printinfl^ 
but  the  method  dops  not  appear  to  have  been  practically  emphived. 

Tn  whatever  way  the  plate  may  have  hern  engraved,  when  an  imi)re8sion 
is  t"  lie  tnken  from  it,  it  is  covered  with  printing  ink  of  the  finest  kind,  by 
uit-aiui  of  stuffed  balls,  and  then  wiped,  chiefly  with  tlie  hand,  so  that  the 
ink  is  wiMUy  ranoved  £tom  the  poliahad  soxftoe;  it  is  than  placed,  with 
the  moistened  paper,  on  a  board,  between  ilannel%  and  strongly  pressed 
in  pasdng  between  two  wooden  roUna.  By  fiminent  nse  the  piste  loses  its 
diarpness,  and  sometimes  requires  to  be  fstonchad;  hence  arises  the 
greater  value  of  first  impwsslona ;  but  by  proper  preoautioiia  in  deaning 
tlie  j>hite,  its  delicacy  may  be  preserved  for  a  long  time. 

An  impression,  while  it  is  moist,  may  hr  rcverscfi,  hv  j»assing  it  through 
the  press  with  another  paper.  And  hy  writing  with  a  peculiar  ink,  even 
common  letters  may  be  thus  copied  on  thin  paper,  and  the  impression  will 
be  legible  on  the  opposHe  side.  Mr.  Montbret  proposes  to  put  some  sugar 
candy  into  the  ink,  and  to  take  a  copy  on  vnsixed  paper  by  means  of  * 
hot  iron.^ 

A  simple  and  elegant  method  of  muUiplyiog  drawings  has  been  latdy 
introduced  by  Mr.  Andr^.  The  drawings  are  made  with  an  unctuous  com^ 
position,  in  the  form  of  a  crayon  or  of  nn  ink,  on  ri  soft  stone  of  a  calca- 
rious  naturt ,  somewhat  like  a  stone  marie.  When  tlie  drawing  is  finished, 
the  stone  is  ujoistt  ned,  and  imbihes  so  much  water  that  the  [unctuousi 
printing  ink  will  not  adhere  to  it,  except  at  the  parts  where  the  crayon  or 
the  ink  baa  been  applied  [for  ndtiier  will  water  adhere  to  grease  nor  grease 
to  water];  and  in  thia  manner  an  impression  iaprocnrsdy  whioh  has  mndi  . 
«  Mfah.  low.  4lo»  a  01.  t  Ibid.8fo,i.  U7. 
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A  little  add  is  afterwards  applied  to  the  stone,  in  order  to  corrode  it«  inter- 
mediate parts  ;  and  the  bold  style  of  the  jmprcMiaii  mueh  iCMmblw  thai  of 
the  old  wooden  cuts. 

The  nrt  of  j)rintinc^  witli  separate  types  was  invented  soon  after  tlie 
introduction  of  wooden  blocks  into  Euroj)e.*  The  improvement  was  preat 
and  important.  The  year  l<k4ii,  or  1444,  is  cousidered  as  the  date  uf  tiie 
oldest  printed  book ;  bat  Um  pneiaB  timo  and  place  of  tbt  inTention  remain 
ioinewluit  donbtflil:  the  ast,  however,  adTaneed  iowaxds  peiCMflon  hj 
▼ery  vapid  ileps.  Tlie  letten  are  fini  cat,  in  a  rereffsed  fonuy  on  eleel 
punches;  with  these  a  matrix  of  copper  is  stamped,  and  the  matrix  forms 
the  lower  part  of  the  mould  in  which  the  types  are  cast ;  the  metal  is  a 
composition  of  lead  and  antimony,  which  is  easily  fusible.  Thii*^  tbo 
printe<)  sheet  is  the  fourth  form  of  thp  1ct*rr,  roc  l-oninc  from  the  original 
engraving  on  the  punch:  in  the  ^Unulvpi'  i  iinting,  lately  invented,  or 
rather  improved  and  revived,  it  lm  tlie  sixth.  In  this  method,  when  a  form 
for  the  side  of  a  sheet  has  been  composed,  made  up,  corrected,  and  lodrnd 
op  by  wedges  in  die  diase  or  iron  fiame  whieh  oonfines  it,  a  mould  of  the 
whole  is  fosmed  in  fine  piaster,  and  as  many  repetitions  of  it  may  be  oast 
very  thin,  in  type  metal,  as  will  serve  to  print  for  the  nse  of  a  oentoiy, 
withont  tiie  expense  of  kflefi^  a  laige  quantity  of  types  made  np^  or  of 
providing  paper  for  a  numerous  impression  at  once. 

The  modes  of  arranging  the  typo>^  \n  boxes  or  cnsp^.  of  rn7n]ii)«ing  the 
separate  lines  on  the  Btick,  and  making  them  up  by  degrees  int  i  ]  ;iges  and 
forms,  of  correcting  the  press,  of  applying  the  ink,  and  taking  otf  the 
impression,  are  entirely  calculated  for  the  simplicity  and  convenience  of 
the  manual  operations  oooeemed,  and  feqnite  Htde  <Nr  no  detailed  expla> 
nation. 


LKcr.  XL— ADDITIONAL  AUTHORITIES, 

Sculpture^  PgnUing,  ^c— Behnes's  Machine  for  Sculpture,  Tr.  of  the  Soc.  of 
Arts,  XXXTII.   Jesoit't  perspective,  4to.    Brook  TajkH-'s  Lnietf  Perspective 

1715  and  IBIL  Monpe  Gromctric  Descriptive,  4to,  Paris.  Edwards's  PcrsjK-c- 
tive,  4to,  1803.  Creswell's  Perspective,  Camb.  1812.  Courtoone,  Deidier,  Lain^, 
OsnusD,  Anesod,  Lavit,  l^rait^  de  Penpeetive.  Lnneiit,  Tbforie  do  la  Faiiitttre, 
1827.  Mont-tibcrt,  Dcss^oiu  Lincaire  cnsfiKiii'  aux  Ouvriers,  1831.  BardwcII, 
1834.  Rider,  1836.  Hall,  Practical  Geometry,  &c.  1841.  A  brief  Elementarj 
IVealise  on  Projeetkms  fa  given  in  flie  Appendix  to  Maddy't  Astwmomy,  Camb. 
1826. 

£Nfraviii|r.— £veljn'8  Art  of  EngraTing,  1662.  Fapilloa,  Tlraitc  Historique  de 
UGrvmre  en  Bois,  1766.   Lowry'a  Ruling  Madiine.  Nidk.  Jour,  Accmn 

(III  KdlilriL'  n  ninfss,  ibitL  iv.  \.  H.-irtsch  Pcintre  Gravcur,  21  vols.  Vienna, 
1808.  Uttley's  Uist.  of  Engraving,  2  vols.  4to,  1816.  UuUnumdel'a  Manuel  of 
LtthoierrsphT,  1820.  Englemann,  Manuel  dn  l>eesbuitear  Utliogr^iliique,  Par.  1^. 

IkrL'ault,    (io.  1827. 

The  inveotor  of  Lithography  was  Aloia  Sen^elder,  of  Munich.   Andr6  was  asso- 
eiatedirilhSeseMder,  ImthHnodnBtetlieiiiveQtieo.  ApetentforifteenTOits 
s  ^  ranted  to  SenrfUdcr  in  1799>.  The  ert  bee  aov  arrtred  eft  s  lij^  stele  of  per* 

fection. 

*  CoDNlt  HsBserd'eiypogieiiUa,  1825* 
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ON  STATICS. 

The  examination  of  the  muguitude  of  the  various  forces  employed  in 
pncticftl  nstdumica,  constitiiiet  tbe  dootrinB  of  ttatios.  The  term  statics, 
in  a  fltiiet  aenae,  impli^  ihe  <letotiiiiiialion  of  w^lits  onljr;  but  it  may 
without  impioprifllsr  bo  txtendod  to  tho  ettimction  of  forces  of  all  kindi^ 
eepeeiallj  active  forces,  that  can  be  compared  with  weighty  in  the  ioine 
maimer  as  the  term  hydrostatioa  comprehends  every  thing  that  relatcf^  to 
the  equilibrium  of  fluids.  Tlic  measarement  of  the  passive  strentjth  (»f  the 
materials  employed,  the  chauf^es  ])roduced  in  them  by  the  forres  whicli  tliey 
resist,  and  the  laws  of  the  nej^ative  force  of  friction,  are  also  subjects  imme- 
diately introductory  to  the  particular  constructions  and  uses  of  machinery^ 
and  nearly  oonneoted  with  the  department  of  eteto. 

The  art  of  weighing  is  pecnliarly  important,  as  it  ftunishee  na  with  tho 
onlj  piaetieal  mode  of  determining  tlie  qnantitj  of  matter  in  a  fprm  body. 
We  nught  indeed  cause  two  bodies  to  meet  each  other  with  known  vdoci- 
fia%  and  foam  tlie  effBcte  of  their  coUiaion  we  mij^  determine  their  com- 
parative momenta,  and  the  proportion  of  their  masses  ;  but  it  is  obvious 
that  this  process  would  bo  cxceedintrly  troublesome,  and  incapable  of  p^oat 
accuracy;  we  theref  ne  T-.-cur  to  the  known  law  of  gravitation,  that 
the  weight  of  every  body  is  proportional  to  tlie  quantity  of  matter  that  it 
oontaini^  and  we  judge  of  its  mass  from  its  weight.  If  all  bodies  were  of 
equal  daoaity,  wc  might  dalennine  thafar  maaaes  from  their  external  dimen> 
aiona ;  but  wa  sddom  ind  even  a  aingle  body  which  is  of  uniform  denaity 
throug^iont ;  and  even  if  we  had  moth  a  bodj*  it  woold  in  general  be  much 
easier  to  weitrh  it  correctly  than  to  measure  it. 

The  weijjht  of  a  body  is  commonly  ascertained,  by  comparing  it  imme- 
diately with  other  weights  of  known  dimoTicbum  :  but  sometimes  the 
tit  vun  i  f  n  f*pring  is  employed  for  the  couiparisou.  Standard  weights 
have  generally  been  deduced  from  a  certain  measure  of  a  known  substance, 
^d  in  particular  of  water.  According  to  the  most  accurate  experiments, 
whan  the  barometer  ia  at  an  inches^  and  Fahrenheit's  tfaennometer  at  62^, 
12  wine  gaUona  of  distilled  water  weigh  exactly  100  pounds  aToirdnpoie^ 
each  containing  7000  grains  tioy ;  and  a  cubic  inch  woghs  252|  grains. 
A  hogshead  of  water,  wine  measure,  weip:h$,  therefore,  526  pounds,  and  a 
ton  2100  pounds,  which  is  nearly  equal  to  a  ton  weight.  Mr.  Barlow  * 
euppoees  that  the  tun  measure  of  water  contained  originally  ^2  cubic  feet, 
and  weiebed  2000  |)0und8,  which  was  also  called  a  ton  weight,  the  gallon 
being  Houiewliat  smaller  than  it  is  at  present,  and  the  cubic  foot  weighing 
exactly  1000  ounces,  or  62^  pounds.  A  quarter  of  wheat  weighed  about 
a  quarter  cf  a  ton»  and  a  budiel  m  mudi  as  a  cubic  foot  of  wator.  A 
diaUron  of  ooab  waa  alao  conaidared  as  equivalaiit  to  a  ton,  aKhou^  it 

*  On  flie  aaelogTbetiveen  ftudiah  weMls  ud  meaeares  of  capacity,  Ph.  Tr, 
1740b  p.  457. 
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now  weighs  nearly  half  as  much  more.  But  at  the  mean  temperature  of  this 
climat*»,  «»r  1)2?,  a  cubic  foot  of  distilled  water  weighs  only  ounces. 
The  avuirtiupois  ounce  appears  to  agree  very  nearly  with  the  ancient  Roman 
ounce.  Of  the  old  French  weight,  100  pounds  made  108  English  pounds 
aToirdnpoia.  The  gmnai*  cf  flie  iieir  wdghto  is  «  eabie  eenlimelM  of 
poze  water  st  its  gieatMl  dmAijf  thet  It  about  the  temperatare  of  dO^  of 
FalumnliMt ;  it  ia  equal  to  16^  TCngUA  gnina :  Imoe  the  chUiagraiimie  u 
2|  powads,  and  five  myriogntameB  are  nearly  a  hundred  weight.  Fi^e 
grammes  of  silver,  including  one  tenth  of  alloy,  make  a  franc,  which  ia  one 
eightieth  f>pttcr  than  the  old  franc  or  UTXc^andiamtriiiBical]/  worth  nearly 
nincj  eni  t'  three  farthings  Enijlish. 

Tilt-  iublrumenta  usually  tnijiloyed  for  the  comparison  of  weights  are 
eitlier  balances  or  steelyards,  ia  tlie  common  balance,  the  weights  of  the 
inhataneaa  eooq^ated  axe  equal ;  in  a  oompomid  weighing  mafthiiwy  we  nee 
wei^ta  which  an  imaUery  in  a  eetCain  proportioii*  than  thoae  wliidi  thej 
xepfceentt  in  the  ataelyatd,  a  etngle  weight  aeqoim  diiSgniit  ndnee  at 
^fcent  parte  of  the  aim,  uid  in  the  bent  lever  baianoe  the  position  of 
the  arms  d^ermines  the  magnitude  of  the  counterpoise.  The  spring  steel* 
yard  measares  the  weight,  by  the  d^grse  of  flezue  that  it  prodoete  in  a 
spring. 

The  beam  of  a  common  balance  must  have  itn  arms  precisely  equal. 
The  scales,  being  freely  suspended  from  fixed  poiuta  iu  the  beam,  act  on 
them  alwaja  in  tiie  diieelion  of  giavity ;  and  the  effect  is  the  «ane  as 
if  the  whole  weight  were  ooneentrated  in  thoee  points.  Hie  beam  sap- 
ports  the  eealea,  and  ia  itsdf  snpportad  by  mesas  of  fine  edges  of  hard 
steel,  working  on  steel,  agate,  or  garnet,  in  order  that  the  motion  nay  be 
free,  and  the  distances  of  the  points  precisely  defined.  The  iMst  iMsma  era 
made  of  two  hollow  cones  of  Tii-ap«,  united  at  their  bases  ;  they  are  lifted 
oflF  their  sup{>orts  when  the  balance  is  not  used,  in  order  to  avoid  accidental 
injuries  ;  the  scales  also  are  supported,  so  as  not  to  hang  from  the  beam, 
until  they  have  received  their  weights.  According  to  the  position  of  the 
lalemm,  witb  respeot  to  tlie  points  of  suspension  of  the  scales,  Uie  equiU- 
brinm  of  the  balance  may  be  either  etable,  neatral,  or  tottering ;  or  if  tlw 
beam  be  too  fleodble^  it  may  pass  from  one  of  these  statee  to  the  other  by 
the  effect  of  the  weig^Ha.  Hie  stable  equilibrium  is  the  most  nsoal  and  tile 
best,  because  it  gives  us  an  opportunity  of  determining  the  degree  of  in- 
equality of  the  weights,  1)y  the  position  in  which  the  centre  of  gravity 
rests,  or  hy  the  middle  point  of  tlir  vihrations  of  the  beant,  which  are 
sometimes  measured  hy  an  index  puiuUug  to  a  graduated  arc.  If,  how- 
ever, the  fulci'um  be  too  much  elevated  above  the  centre  of  gravity,  the  equi- 
Ubriiun  may  betooelable,  and  may  require  too  great  an  inequahty  iu  order 
toprodnce  a  sensible  prepondennoe.  on  tiie  contrary,  by  the  eleratien 
cf  the  points  of  snspenaion  of  the  scales  the  eqnilibiivm  be  rendered  tot* 
tering  the  lower  scale  will  not  ris^  even  if  it  be  somewhat  leas  loaded  than 
the  upper;  and  steelyards  of  this  eooetmction  have  eomefcimes  been  em* 
ployed,  in  order  to  impose  on  the  purchaser  by  the  appearance  of  an  ample 
weight.  It  is  necessary,  wlirro  t^wnt  accuracy  is  desired,  to  l)ring  the 
equilibrium  very  near  the  state  of  ueutrality,  and  to  make  the  vibrations 
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of  the  beam  doir  vbA  estandiv^  whitlier  fh«  miIm  bave  w^hto  in  Hum 
«r  not ;  fiw  this  porpose  %  sdmU  wdgfat  is  sometimss  inclosed  within  the 
bMm,  wlueh  is  laised  or  Joniiwwd  at  plsararc  by  »  scaraw,  to  as  to  bting 
theoeolraof  gravity  of  the  whok  moYoaUo  appantoaas  near  toHwfal* 
orum  as  may  he  required  for  the  occHsion.  Mr.  Ramsden's  bahmoe,  made 
for  the  Royal  Society,  is  capable  of  \%  eighing  ten  pound*,  and  turns  with 
one  ten  niillionth  part  of  the  weight.*    (Plate  VIII.  Fig.  107... KM).) 

The  anus  of  a  i»Jtiance  liavi-  wmetimes  been  made  unequal  for  fraudulent 
purposes,  the  weight  being  j>laced  nearer  to  the  fulcrum  tiian  tiie  substanco 
to  be  weighed.  It  is  obvious  that  the  fraud  may  be  detected,  by  changing 
thoplaoeaof  tfao  oonleataof  thotwoaoalM*  In  aaob  a  eaae^  if  a  oooatai^ 
poise  to  tba  aamo  weight  be  detetmined  in  eadi  sEtnalioD^  the  sum  of  both 
will  be  gieater  than  twice  the  weig^ ;  and  tbe  pmcfaaaer  would  be  anie  of 
haring  even  more  than  his  due,  by  requesting  the  seller  to  weigh  half  in 
the  one  scale  and  half  in  the  other.  For  example^  if  one  arm  of  the  beam 
were  only  three  fourths  a<  lonu;  as  the  other,  the  counterpoise  to  a  weiijht 
of  twelve  oiinfT'^  would  be  nine  fnmces  in  one  srnle,  and  sixteen  in  the 
other,  making  together  twenty  hve  instead  of  twenty  four  ounces.  (Plate 
VIU.  Fig.  110.) 

Supposing  the  beams  of  a  balance  to  be  accidentally  unequal,  either  in 
lengtk  or  in  weight,  we  may  stiU  weigh  in  It  with  aeeuacy,  by  making  a 
perfeot  eoonteipoiae  of  any  kind  to  a  weight,  and  then  venMnring  the 
weight  and  putting  in  lie  ptaoe  as  mneh  of  the  anlMtanoe  to  be  wc||^  as 
is  snilinent  to  restore  the  equilibrium. 

The  weiglits  may  also  be  reduced,  or  increaaed,  in  pro]>ortion  to  the 
length  of  the  arm?,  if  they  differ  from  each  other,  care  being  taken  to  put 
the  weights  always  into  tlie  same  scale.  This  is  actually  performed  in 
weighing  machines,  where  a  compoiiition  of  levers  is  employed,  in  order  to 
enable  us  t^j  determine  the  weight  of  large  ui^i^scs  by  uitiaus  of  weights  of 
moderate  dimensions.    (Plate  IX,  Fig.  111.) 

When  the  efiectlye  lengths  of  one  or  both  arms  of  the  beam  aie  capable 
of  bong  Taried  by  changing  the  pointi  <rf  sospendon  aoeording  to  the 
diTisions  ef  a  scale^  the  Instrament  is  cslled  n  steelyaid.  When  one 
we%ht  only  is  used,  it  is  not  necessary  that  the  two  arms  shoold  exactly 
balanoe  each  other,  since  the  divisions  may  be  eo  placed  as  to  make  the 
n^essary  adjustment ;  but  it  is  sometimes  convenient  to  have  two  or  three 
weights  of  different  matrnitudes,  and  for  this  puii)ose  the  instrument 
should  be  in  equilibrium  without  any  weight.  In  such  cases,  rrpat  hccu- 
racy  may  be  obtained  by  applying  a  small  weight  at  the  end,  in  Lkc  form 
of  a  micrometer  screw.    (I'late  IX.  Fig.  112.) 

The  arms  of  a  balance,  though  ocNDitant  in  length,  may  vary  in  elfoeC 
without  limit*  if  tluyean  anfficieatly  alter  their  inclination  to  the  heiison; 
fbr  no  weight*  howerer  gteai^  acting  on  the  aim  ef  s  bent  lever,  oaa  make 
it  perfectly  yerUcsl,  vnoe^  in  this  position,  the  weight  may  be  OTer- 
powered  by  the  minutest  coontetpoise  acting  on  the  other  arm.  The  centre 
of  gravity  being,  in  tlie  common  balance,  very  nearly  in  a  right  V\v<^ 
between  the  weights,  in  order  that  it  may  be  immediately  below  the 

*  Hoiiar's  Joonul,  zzziii.  144. 
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fkikmin,  the  Aim  mul  have  a  rary  oonndenble  lagokr  maHkn  tat  a 
fll^llt  Inecfuality  of  the  weig^iti;  but  in  the  bent  lever  balance,  the  centra 
of  gravity  is  at  such  a  distance  from  the  fulcrum,  that  a  moderate  motion 
of  the  arms  may  bring  it  into  the  vertical  line.  This  motion  is  meamired 
by  au  index  on  a  irraduated  arc,  whicli  gives  the  iti.stmment  a  considerable 
ransfe  ;  and  where  expedition  is  particularly  desired,  it  may  often  he  used 
with  advauiu^e ;  but  if  the  weights  to  be  detenuiued  are  large,  tlie  scAle 
beeomea  Tery  mncfa  ooantneted,  and  tha  inrtiiniinil  nqslm  to  b«  lenUed 
with  great  McniMy.  A  msterpoiie  aetaag  <n  a  tpinl  or  oooicai  biHEml 
baa  alio  baea  applied  to  a  nmiUr  pnrptta ;  ii  m  capabla  of  a  Mila  soma* 
what  mote  aztendod  than  a  bent  lever  balance,  but  it  ia  leu  MMpIt^  and 
Mareety  more  accurate.   (Plate  IX.  Fig.  113.) 

A  sprin;;:,  which  is  usually  of  a  s])iral  form,  beiner  made  to  support  a 
hook  hy  the  inter>'cntion  of  a  graduated  har,  the  divisions  of  tliis  bar, 
which  are  drawn  out  heyond  the  fixed  point,  indicate  the  wei;;ht  sup- 
ported by  tho  hook.  This  instrument  is  called  a  spring  ste«lyard.  Mr. 
Hanin's*  spring  steelyaid  baa  a  hmg  mdu^  which  lefohaaoa  a  otntre^ 
and  ihowa  at  oaca  the  weight  acooiding  to  tlw  ilaadasda  of  dUfanot  oonn- 
triM.  The  diviuona  <tf  the  ecalee  in  moderate  flexiuea  of  the  epnng  an 
nearly  equal :  hence  it  may  be  inferred,  tittt  the  qmee  tfuoigh  which  a 
epring  is  bent,  and  consequently  its  curvatore  or  change  of  curvature,  is 
simply  proportional  to  the  forcf  which  acts  on  it,  and  that  the  vibrations  of 
a  wci|^ht  supported  by  a  spring,  must,  like  those  of  a  cychddal  penihslum, 
be  pei-formed  in  equal  times,  whatever  may  i)e  their  magnitude.  The 
stxvugtU  uf  ail  springii  is  somewhat  dimiuislied  by  heat,  and  for  each  degree 
of  Fehmnheit  that  the  tempetatme  la  raised,  we  mast  dedaet  abaat  one 
part  in  Ato  thomand  fimm  the  apparent  weig^  Indicited  hj  the  spring 
etedyaid.  (Plate  IX.  Itg.  114.) 

The  spring  eteelyard  affords  us  Uie  moit  eoorenient  method  of  meaanr* 
ing  the  immediate  intensity  of  the  forces  exerted  by  animals  of  diflRerent 
kinds,  in  the  labntir  %vhich  they  perform.  When  it  is  ftdapt4?d  for  this 
purpose,  it  ia  8ompti?ii("^  called  the  dynainonietpr.  We  may  also  estimate 
the  force  of  au annual  which  in  ein]»loyt'd  m  dinwiivj;  a  <listant  bout  or  car- 
riage, by  the  inclination  ui  tiic  rope  or  cliain  to  tlie  horiiajii,  compared 
with  tiM  weight  f£  that  portion  ef  It  whieh  themdmel  enpports,  that  is,  of 
the  pert  which  entende  to  the  point  when  the  cum  beeemeehotiaonfteLt 

All  anima^  actitoai^  er^  at  leant,  all  the  nrtwmel  aetione  off  ^"^"^  an 
ultimately  dq>eiident  on  the  contraction!  and  relaxations  of  the  fleshy 
parts,  wbleh  are  called  mneeles.  T)u>  operatioai  of  the  paiticniar  musclee 
heloncr^  properly  to  the  science  of  physiolotry  ;  bnt  their  raechrtfiism  may 
in  general  he  understood  from  the  properties  of  the  lev*  r  an  1  a(  the 
centre  of  i^-ravity.  The  bones  are  the  levers,  the  joiuta  the  tulct  um.s,  and 
the  force  is  applied  by  the  muscles,  which  are  usually  attached  to  the  bones 
by  the  intemmtion  of  tendineoi  eorda.  When  a  mnade  oowtnete  in  the 
dinotion  of  iteftbne,  it  beeomee  at  the  eeme  time  tbieker,  and  ite  totel  bolk 

♦  Hiat.  etMeai.  de  Paris,  1765,  H.  135. 

t  Consult  Morin,  Description  dee  Apperdb  CbRMKmftriqeee,  ct  dee  Ap.  Dyne* 
BWBBteiqoet.   M«ts,  1838. 
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kfitttoif  «tandlailniiM:  wImii  i«lam  UmU;  it  Imwrely  pamre,  for 
th«  Hhnt,  being  «xtniiMly  teibli^  on  have  Utile  or  no  efleofc  in  eepivrtingr 
tiie  perls  to  whidithiqreie  ettedied ;  tliis  iepemtkm  ie  generelljpeifofned 
by  the  eotion  of  other  mneeke  widoh  en  eaUed  the  entegoaiele  of  the  fixsi, 
bttt  eenethnee  by  elastic  ligaments,  or  by  other  meinSi  The  hone  forms  a 
lever  of  the  second  kind,  where  the  two  forces  opposing  each  other  are  on 
the  same  side  of  the  fulcrum,  Tn  ereneral  the  insertion  of  a  muscle  is  much 
rcfirrr  to  the  fulcrum  thuii  tlie  {joint  of  nctl  iri,  aii(}  the  ohliquity  of  its 
direction  gives  ii  a  &iUi  gitj&ier  luechanical  di^tid vautitge  \vith  reprard  to 
rotatory  power  ;  but  it  is  more  conyenient  in  the  animal  economy  to  pro- 
dooe  a  great  contractile  force  than  a  great  extent  In  the  orlginel  nMtion. 
For  iaateace,  when  the  arm  k  veieed  by  the  exertion  of  the  deltoid  mosde 
of  the  shoulder,  a  veiy  strong  eontreetion  takes  pleee  hi  the  mnsole,  but 
the  aotioa  it  only  ooi^ned  tfarongik  n  dmt  epnee;  had  the  eentnetOe 
poww  been  weaker  and  more  extensire^  the  shoulder  must  have  been  made 
higher,  m  (oder  to  give  it  eofteient  pnroheee^  and  the  prejeeUon  woold 
have  lHH>n  incoTivenieTit, 

Boi  cUi*  li;i.s  calcuiated  tliat  the  iinmc diati!  force  of  the  biceps,  or  f^mihle- 
hcaded  muscle  which  bends  the  arm,  is  f  vulcnt  to  about  JVM)  poumls,  and 
that  of  the  muscles  which  raise  tlie  lower  jaw,  above  biH)  in  man,  but  in 
beasts  of  prey  far  greater.  It  is  obvious  that  in  muscles  of  the  same  kind 
the  strength  mnet  be  ai  the  nnmher  of  iibxeeb  or  ai  the  extent  of  the  eoilhee 
wiiieh  woold  be  fimned  by  ontlnig  tiie  mneeie  acnee ;  and  it  ia  not  im- 
pialiaUe  that  the  eenttaellle  icnee  of  the  mneeleB  of  a  healthy  men  ie 
efnivalent  to  about  r^oo  pounds  for  each  eqnan  inch  of  their  section.  The 
weakest  man  oan  lift  with  his  hands  about  125  pounds,  a  strong  man  400. 
Topham,  a  carpenter,  mentioned  by  Desaguliers,  could  lift  800  pounds. 
He  rolled  up  a  strong-  pewter  dish  with  his  fingers;  he  lifted  ■^vith  liis  teeth 
and  knees  a  table  six  feet  loii??,  with  a  half  hundred  weight  at  the  end. 
He  bent  a  poker,  three  inchen  in  cirt-umferem  e,  to  aright  angle,  by  striking 
it  upon  left  lore  arm  ;  another  he  bent  and  unbent  about  his  ueck  ;  and 
snapped  a  heii^^a  rope  two  inches  in  dronrnference.  A  few  years  ago 
tiieie  wae  apenon  at  OxIM  who  eonld  hold  hie  am  extended  in  helf  a 
ninnte^withlydf  a  luindiedwiigiit  hanging  on  ilia  little  finger.  Ayoang 
gentleman,  who  hae  dieUnguiehed  himBetf  as  apedeelrian  by  going  90  milee 
in  19  houis,  has  also  lifted  two  bundled  weighty  one  in  each  hand,  end 
made  them  meet  over  his  head. 

Sometimes  fent'*  of  strength  apparently  extraordinary  have  been  ex- 
hibited by  men  who  Imvp  not  really  been  posr'p'^sH  of  any  material  supe- 
riority. Desagulicrst  relates,  that  one  of  them  used  to  withstand  the  force 
of  two  horses  drawing  at  a  girdle  passed  round  his  middle,  while  his  feet 
acted  on  a  firm  obstacle.  By  falling  suddenly  backwards,  in  an  oblique 
poeltleny  he  lnvohe  a  rope  whidi  wee  ixed  a  little  befiMe  hie  feet.  He 
supported  one  or  two  men  by  forming  hie  body  into  an  areh ;  and  by  a 
htfMi  fitted  to  hie  hipe»  he  losteined  a  cannon  wei|^iuig  two  or  three 

*  De  Moto  Animalium,  4to,  Logd.  Batav.  1710,  p.  30  et  seq. 

t  Course  ni  Bipevhnaiftel  VhileMphy,  2  vols.  Are,  Lend.  1763,  i.  266^  &c. 
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thoiuaaiid  poniidB.  la  til  tlMM  esMs  fhA  nuudM  pfindptUy  employed  iM 
the  flKteoMra  of  {he  kg!  and  fhig^  bat  the  pMdvv  rt^ 

more  concerned  than  the  aetiYe  Ibioe  ct  the  muscles.  In  the  iimtierniOj 
mentioned  hy  Lahire,*  of  a  young  man  who  raised  an  ass  from  the  ground 
hy  cords  tied  to  the  hair  of  his  head,  the  scnsihility  of  the  nerves  <»f  the 
skin  must  hare  hof^n  diminished  by  hal<it,  so  as  to  allow  the  hair  to  be  thus 
forcibly  extended  without  immoderate  paia. 

TIm;  application  of  animal  force  is  usually  perfuruied  by  means  of  a 
progTMnve  metioii.  The  muscles  employed  in  this  procM  eie  in  goMra], 
if  not  alwaysy  the  etrongeit  of  the  body,  both  by  nattue  and  hy  habit;  lo 
that  when  foice  akme  ia  xequired,  it  is  most  advantageously  obtained  bom. 
their  exertions.  In  walking,  the  centre  ui  gmvity  is  moved  forwaids  with 
a  velocity  nearly  uniform.  If  the  legs  were  perfectly  inflexil>Ie,  the  centre 
of  gravity  would  describe,  in  succession,  portions  of  circles,  of  wliich  each 
leg  would  alternHtcly  be  tlie  radius  :  but  if  tlie  vcloritv  ^v*  re  ?reat  enough 
to  create  a  centrifuj^ul  force  more  than  equivalent  to  the  force  of  prravity, 
tlie  pressure  would  be  removed  from  each  1^  after  the  first  instant  of  its 
touching  the  ground  ;  the  path  would  become  parabolic  instead  of  circular, 
and  the  walking  wooH  be  eonTSrled  into  running :  fw  tfie  difibnnee  be- 
tween waUdng  and  mnniiig  is  thii^  that  in  running,  one  Iboi  b  removed 
from  thotground  before  the  other  touchea  it;  while  in  walkings  the  hind- 
most foot  is  only  raised  after  the  foremost  has  touched  the  ground.  Now 
supposini^  the  length  of  tl>e  inflexible  leg  three  feet,  the  centrifugal  force 
would  become  ecjual  to  the  weight,  with  a  velocity  whicli  would  be  acquired 
by  a  heavy  body  in  falling  througli  a  foot  and  a  half,  that  is,  near  10  feet 
in  a  second,  or  7  miles  an  hour ;  and  this  ia  the  utmoi^t  velocity  with 
which  it  would  be  mechanically  possible  to  walk  with  inflexible  legs.  Bat 
the  fleidbility  of  the  lq|a  maksa  the  progressive  motion  mndi  more  nnl- 
form,  by  softening  the  angles  of  the  path  which  the  centre  of  gmvity 
describes,  and  rendering  it  ^ther  mors  or  less  cnrved  at  pleasure ;  ho  that 
it  becomes  mechanically  if  not  physically  posslbie^ta  walk  with  a  velocity 
somewhat  greater  than  7  niiles  an  hour,  and  to  run  or  dance  vriih  as  small 
a  velocity  as  we  please,  since  we  may  make  the  path  of  tbp  rrntrc  of  gravity 
somewhat  less,  or  much  more  cur^-ed,  than  a  t  irt  It  describod  on  the  point 
of  the  foot  as  a  centre.    (Plate  IX.  Fig.  116,  I  US.) 

The  flexions  and  extensions  of  the  1^  are  also  almost  the  only  means 
by  whieh  an  impulse  Is  given  to  the  body ;  if  the  hagt  were  perfectly 
inflexible^  it  would  be  extremely  diflieult^  although  not  abeobitdy  impos- 
sible, to  obtain  a  progressiTe  motion.  The  centre  of  gravity  is  prindpaUy 
impelled  fom'ards  in  tlic  beginning  of  the  aaoending  part  of  the  curve 
which  it  describes  in  walking,  by  the  action  of  the  leg  which  is  left  behind, 
but  in  running  or  hopping,  hy  that  of  the  only  foot  whidi  tmches  the 
ground  r^t  any  otio  time.  When  we  thrust  against  any  obstacle,  or  draw  a 
rope  lu  a  hori/ontai  or  in  a  descending  direction,  the  body  is  inclined 
forwards,  and  in  some  cases  its  action  is  limited  by  the  efiect  of  the  weight 
of  the  body  rednoed  to  the  direetion  of  the  line  of  draught :  bat  we  much 

*  Hiit«tlf«a.derAood.  1(99,  p.  IM,  H.  96. 
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more  usnally  draw  or  pnll  in  an  ascending  direction,  so  that  mat  wliole 
.muBcular  force  may  be  exerted  withotit  any  limit  of  this  kind.* 

It  haiii  eii^,  however,  very  frequently,  that  we  have  ciccasion  for  motiona 
of  such  ;l  lUiLure  as  to  he  more  conveniently  performed  by  the  hands  and 
anus  than  by  the  action  of  walking  or  runumg  ;  and  where  delicacy  is 
required  rather  than  strengtli,  the  form  of  the  hand  and  fingers  gives  the 
hnnum  epeeies  a  great  eaperiority  orer  all  other  animals,  although  hy  no 
means,  as  some  authors  hm  supposed,  an  adTantsge  eqmTalent  to  that  of 
liM  higgler  perflsetion  of  the  intellectual  powers.  It  is  tnu^  as  maj 
olMerve  in  the  mannfMtories  of  this  countrj,  that  madiinery  has  heen 
invented  by  which  a  power  of  any  kind  may  be  converted  to  purpoees 
seemingly  the  most  intricate  and  refineil  ;  and  aft«r  all  that  has  been  done 
by  a  Watt  and  an  Arkwright,  it  is  diihcult  to  determine  a  positive  limit  to 
the  ingenuity  of  mechanical  invention. 

It  is  necessary  to  consider,  in  examining  the  difierent  sources  of  motion, 
not  only  the  immediate  magnitude  of  the  forces  which  they  produce,  but 
also  the  Telocity  with  which  thejr  aie  capable  of  acting,  and  tha  time  for 
wWdi  that  action  can  he  continoeiL  The  daily  work  of  a  labouring  man, 
at  middle  ags^  and  in  good  liealth,  will  eerve  as  a  convenient  unit  for  the 
oomparison  of  moving  powws  of  sU  kinds.  It  may  1>e  moot  easily  remem- 
bered in  this  form :  a  man  can  r^se  a  weight  of  10  pounds  to  the  height  of 
10  feet  in  a  second,  and  can  continue  this  labour  for  10  hours  a  day.  The 
actual  velncity  of  tlie  man's  motion  must  vary  according  to  the  mode  in 
which  ills  force  ia  applied  ;  but  we  8upi)ose  that  velocity  to  be  such  as  to 
give  the  greatest  efiect  under  the  circumstances  of  the  machine.  This  is  a 
moderate  ^timate  of  the  work  of  a  labourer,  without  any  deduction  for 
MctieiL  Desegnllerst  states  the  performance  of  a  man  working  at  a 
winch,  with  the  ssslstgnce  of  a  fly,  as  consideEably  greater,  but  lie  does  not 
ail^ga  any  eotfeet  experiments  in  support  of  his  eetimate.  Professor 
Bobison,  however,  mentions  a  hydraulic  machine  in  which  the  efltet  was 
actually  more  than  one  tenth  greater,  without  making  any  allowance  for 
friction  ;  so  that  it  is  probable,  considering  the  lose  both  from  friction  and 
from  the  momentum  with  which  the  w?iter  must  have  been  disengaged, 
that  tlie  immediate  perf<»rmance  was  at  least  one  third  more  than  this 
unit:  the  machine  was  worked  by  a  lif^ht  man  carrying  a  weight,  and 
walking  backwards  and  forwards  on  a  lever.  According  to  Mr.  Bucha- 
nan's^ experiments,  an  action  like  that  of  ringing  bells  produced  an  effect 
about  one  third  greater  than  tuning  a  winch,  and  the  aetion  of  rowing,  an 
dfoet  four  ninths  greater ;  but  it  does  not  appear  that  theee  experiments 
were  continued  for  a  wliole  dey ;  and  the  greatest  number  of  obeervations 
make  the  daily  performance  of  wotkmen  considerably  less.  It  is  indeed 
seldom  that  the  muscles  employed  in  progreesive  motion  are  so  mudi 
exerted  as  in  the  arrangement  described  by  Professor  Robison.  A  Chinese, 
in  the  operation  called  scnlliTic',  is  sai  l  to  beat  a  European  at  his  oar. 
.  For  a  short  time  a  much  greater  etfect  than  this  may  be  produced  by  a 

*  See  Maina  oatbe  pootioii  of  the  legt  ia  welldng,  Hist  et  Mlm.  de  Fkr.  1721, 

H.  24. 

t  Deiigeiien,  mi.  i.  pp.  254,  295.  J  Repertory  of  Arta,  xv,  319. 
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pivat  exertion  :*  thus  a  man  weighing  above  160  jwunJa  can  ascend  by 
meatus  uf  atepH  at  the  rate  of  mure  than  three  feet  in  a  second,  for  h  quarter, 
or  perhaps  half  a  miniite ;  and  this  la  an  effort  five  timee  as  great  as  that 
whklk  flia  be  eontiimed  Hmt  s  dajr.  Umally,  however,  whwe  Uie  budi  an 
diiefly  employed^  yAuttbn  in  taniiig  a  wbidi^  or  in  iHimpiii^  H  i*  only 
poaible  to  exert  s  dottUe^  ov  st  moot  ft  triple  aotkm,  ftr  a  ainofte  or  two  s 
thus,  althoogfa  a  madiine  noa}'  ->n]y  enable  a  man  to  raise  a  hogshead  of 
water  in  a  minute  to  the  height  of  ten  feet  for  a  whole  day,  yet  it  is  easy 
to  work  it  si>  rnpi  !ly  for  a  sinele  Tninut^  hs  to  raise  double  tlie  ffuantity,  or 
to  raise  a  single  hogshead  to  a  litiLht  of  twenty  feet.  The  whole  t  xertion 
of  force  must  be  a  little  greater  than  that  which  is  thus  estimated,  because 
a  certain  degree  of  superfluous  momeatuni  must  be  generated  in  removing 
weiglito  fnm.  one  eitaatioii  to  aaoliMr :  but  tUo  leta  It  maally  incon* 
eiderable. 

The  actkm  of  mnjmg  a  bad  horiiontolly  nqmrn  aa  oxaelioa  of  a 
dUftccnt  kind,  and  admlto  of  no  Areot  comparison  with  the  afpUeation  of 

a  constant  force  to  overcome  the  gravitation  of  a  weight,  or  any  othar 
imnip'lifit^'  resiHtjince.  Th^*  work  of  a  labourer  tbnn  emplnypd  is  however 
conliutHi  within  moderate  limits.  A  stronjr  porter  can  tarry  ii<X)  pounds  at 
the  rate  of  tl>ree  miles  an  hour  ;  and,  for  a  short  distance,  even  JJ<K>  pounds  : 
a  chairman  carries  loO  pounda,  aud  walkn  four  miles  an  hour  :  and  in 
Turkey  It  ia  eald  that  there  are  potters,  who,  by  stooping  forward^  and 
plaoiiig  the  weight  irony  low  on  tbeir  baeli%  are  enabled  to  eany  firom  700 
to  flOO  ponnda.  The  aobjeote  of  Mr.  CooleniVat  oxporimente  appear  ta 
bavo  been  eiUier  weaker  or  more  inactive  than  the  generality  of  portare  in 
this  country:  he  calculates  that  the  most  advantageous  load  for  a  man  of 
coininon  strength  u  about  a  hondred  weigfat ;  or»  if  ho  is  to  return  witboni 
a  burden,  IHo  pounds. 

The  daily  ',\ m-k  of  a  horse  ia  equal  that  of  five  or  six  men  :  its  imme- 
diate force  IB  sujiiething  greater,  but  it  cannot  support  the  labour  uf  more 
iban  8  boaie  a  day,  wban  dxawiug  with  a  Ibtoe  of  200  ponnda»  or  of  6 
bonro  wbenwSdiaforeeof  walldngiwonilkaandabalf  anhonr.  It 
ia  geneeally  anppoeed  tbat  in  drawi^  up  a  eteep  aseent  a  hone  is  only 
oqidvalent  to  9  or  4  men,  and  the  employment  of  boiees  in  walking  wbeeli^ 
wboKotheaetieaiaeiiailartothatof  aaoending  a  hill,  has  for  this  reaaon  been 
condemned.  For  men,  on  the  rontrarv,  nn  H^nent  of  any  kind  appears  to 
aftbrd  a  favourable  mode  of  exert i  ii.  Hut,  |m  rhaps,  the  weiijht  of  the 
carriage,  and  of  tlie  hor^  itself,  has  not  ahvays  l>een  sufficienily  coa»idered 
in  the  curaparison.  i  lie  strength  of  a  mule  i^  equal  to  Uiat  of  tliree  or  four 
men*  The  expense  of  keeping  a  horse  is  in  general  about  twioe  or  three 
tbaeo  as  great  aa  the  hire  of  a  day  labourer ;  ao  that  the  foroe  of  horeea 
may  be  reekoaed  about  half  as  expenrive  as  that  of  men.  The  horse 
Childers  is  said,  althougfay  peihape^  without  wiffident  authority,  to  hava 
run  an  Englisli  mile  in  a  eingle  minute ;  hia  Telodty  must  in  this  case 
have  been  88  feet  in  a  seoond,  which  would  have  been  aufficisnt  to  eany 

♦  See  Amonton«,  Hist,  et  Mem.de  I'Ar?**!  170'^. 

t  On  the  Daily  Labour  of  Men,  Nich.  Jour.  m.  416. 
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him  OIL  ail  iiii  lint'd  plane  without  frieUon,  or  in  a  very  long  aiing,  to  the 
ptrjH'iuiiculHr  iieight  of  120  feet.* 

A  l&Tge  windmill,  on  which  Mr.  Couloinbt  inaJe  many  experiments,  was 
mpMi,  on  an  aTerage,  of  ww^ng  eight  boon  a  flay;  its  irbioh  pctConiH 
mod  wtM  eqmTalMil  to  mx  olimate  of  ih*  dailj  labour  of  d4  nm ;  S9 
•quae  ftal  of  tho  aaila  doing  tho  vock  of  ono  laiboanr.  Tlit  oiq^onae  of 
tlie  manhmmy,  witk  Us  lopaira,  would  ptiMAy  amount  to  Iom  tban  half 
the  expense  of  a  number  of  honeo  capable  of  exerting  tfao  tamo  fnraa. 
Where  a  stream  of  water  can  he  procured,  its  force  is  goaeiaUy  noiO  00n» 
Tenient,  Vicc  anse  Tiiore  regular,  than  tliat  of  the  wind. 

A  !-ttam  eiifrine  of  tlie  best  construction,  with  a  thirty  inrh  rylincler  has 
the  force  of  forty  horses  ;  and,  since  it  acta  witiunit  intermission,  will  per- 
form the  work  of  120  horses,  or  of  000  men,  each  square  inch  of  the 
pklon  being  nearly  equivnlmt  to  a  labonier.  Aocotding  to  Mr.  Bonlton, 
tho  oonaoaiptionirira  Inuhely  or  84  poonda  of  ooala^  will  ndae  48,000  cnUe 
fieei  of  water  10  feet  high,  whieii  ia  equhraleni  to  tlie  daily  labour  of 
men,  or  perliapa  more :  the  ralue  of  thia  qnantity  of  eoala  ia  addom  nuno 
than  tfiai  of  tiie  work  of  a  iing^  labonrer  for  a  day ;  but  the  eacpense  of 
the  machinery  generally  renders  a  steam  engine  somewhat  more  than  half 
as  expensive  as  the  number  of  horues  for  which  it  is  substituted.  Accord- 
inj:  to  other  account!^,  a  24  inch  cylinder,  being-  eciuivalcnt  to  about  72 
hordes,  re({vui  I  only  a  chaldron  of  coals  in  a  day,  each  bushel  doing  the 
work  of  ten  men. 

The  force  of  gunpowder  is  employed  with  advantage  where  a  very 
powoifal  action  la  loqnired  far  a  ahort  apace,  aa  in  dividing  rocks,  or  in 
genemting  a  great  veloeity  In  n  project.  Aa  a  aoofea  of  momentiun  or 
cneigy  only,  thia  power  ia  by  no  meana  economieal,  Uie  daily  labonr  of  a 
man  being  equivalent  to  the  effect  of  about  40  poonda  of  powder ;  bnitlio 
advantage  of  artillery  consists  in  having  the  force  communicated  by  meana 
of  an  clastic  fluid  extremely  rare,  which  is  capable  of  <T:eneratinj  a  very 
great  velocity  in  tho  ball  only,  without  any  waste  of  power  ia  producing  a 
useless  momentum  in  any  utlier  substance. 

The  comparative  force  of  different  kindn  of  gunpou  iler  is  determined  by 
an  eprouvette  or  powder  proof ;  the  effect  is  measured  by  tlie  angular 
notion  of  a  little  wheel,  a  projecting  part  of  which  ia  impelled  by  tiio 
ozploaion  of  a  email  qnantity  of  tho  powder,  while  the  friction  of  a  apzing 
or  a  weight  ewatea  a  leaatanoe  which  may  be  varied  if  it  be  lequiied.  Tlie 
abaohite  foioe  of  a  given  quantity  of  powd«  may  be  ascertained  either  by 
anspending  a  cannon  as  a  pendulum,  and  measuring  its  angular  recoil ;  or 
by  shooting  into  a  hutge  block,  and  finding  the  velocity  which  ia  imparted 
to  it  by  the  ball.lj: 

For  measuring  very  small  attractive  or  repulsive  forces  with  great  aeon* 

*  Messrs.  Boulton  and  Watt  causdl  experiments  to  be  made  with  the  strong 

br>r«es  used  in  the  breweries  in  LnnH'n\,  and  from  tin-  rc«in1t  of  their  trials,  they 
u.<t»igned  33,000  lb».  raised  one  foot  per  minute,  as  the  value  ot  a  horae'it  power.  This 
ifl  tbue  unit  uf  engine  pofpsr  BOir  onivsnsUy  adoptwdi  Lsidaer  onthsStaeai  Sagieef 
1840,  p.  288. 

t  Hist,  et  Mem.  1781,  p.  65.   Th«orie  des  Machines  Simples,  4to,  1821. 
I  Seethe  tattsrpart  of  LaeL  IT, 
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racy,  the  nuMt  eoa^ranieiit  tett  b  fonialMd  by  die  effiwte  of  twiaHng.  An 
arm  or  beam  is  siupeiided  hovuMiitany  by  a  loog  wire^  and  the  fbaet 

required  to  eause  the  beam  to  make  one  or  more  reT<dnkioiia  being  aseer- 

tainedy  we  may  divide  the  circle  described  by  its  extreinTtics  into  as  many 
parts  as  we  think  proper,  and  the  force  required  to  l)ring  the  beam  into 
any  ])nsiti.jn  will  always  be  proportional,  without  a  sensible  error,  to  the 
maguitu  U  i  f  the  part  of  the  circle  intercepted  between  the  piven  po&itiou, 
aud  that  in  which  the  arm  would  naturally  rest.  When  the  force  is  of 
audi  a  nature  ae  V>  be  capable  of  producing  a  Yibcation»  the  body  on 
which  it  acta  bring  suspended  by  the  thread  of  a  eilkworm  or  of  a  ipider, 
we  may  eompare  ita  magmtnde  with  that  of  gzavitatioD,  by  obeerving  the 
time  leqnixed  for  each  vibration,  and  determining  the  ojperation  of  the  foroe 
aoeording  to  the  laws  of  pendulums.  It  is  in  this  manner  that  the  for^ 
concerned  in  the  effeots  of  eleotricity  and  of  magnetaamliaTe  been  measared 
by  Mr.  Coulomb. 
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ON  PASSIVE  STRENGTH  AND  FRICTION. 

The  pasbivo  Htrt'iigth  of  the  mat^riiiLi  employed  in  the  lucchariirnl  arts 
depends  on  tlie  cohei?ive  aiul  repulsive  forces  of  tluir  jfarticle.'^,  and  ua  the 
rigidity  of  their  structure.  Tlie  consideration  of  the  intimate  nature  of 
thMft  foioeo  belongs  to  tho  diaooMloft  of  the  phyeical  properties  of  Bkslter ; 
but  the  estimation  of  their  nugnitado^  and  of  their  xdatlve  value  in  various 
dfcumsUuioe^  is  of  undeniable  importsnoe  to  piaotical  mediaiiiQi^  and 
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requires  to  be  examined  as  a  cunLiiiuation  uf  the  subject  of  statics.  The 
retarding  force  of  friction  is  very  uearly  ullied  to  some  kiads  of  passive 
strength,  and  may  be  in  great  measure  explained  from  similar  conaide- 
nftiiiiM. 

Th«  pnaoipal  eAelt  of  any  fovea  aeCiiif  on  »  aoilid  bodjinaj  bo  ndneed 
to  aofon  dmHiminatioiii ;  oxteirioii,  taukpmAtm,  defcnisiafii,  flexvre,  tor- 
■ion,  •U«ratioii»  and  fraotota.  "Whai  a  ia  suspended  below  a  fixed 
point,  the  saspoidi]^  substance  is  extendad  or  atnldied,  and  ntaina  ita 

form  by  its  coheHion  assisted  by  its  rigidly  '  when  the  weight  is  supported 
by  a  block  or  pillar  ])laced  below  it,  the  block  is  compreswd,  and  resists 
primarily  by  a  repubdve  force,  but  uecondarily  also  by  its  rigidity.  The 
effect  here  called  detruiulon  is  product  when  a  transverse  force  is  applied 
doee  to  a  fixed  point,  in  the  same  manner  as  the  blades  uf  a  pair  of 
aeuma  act  on  the  pin,  and  the  foirea  which  lariata  thia  operation  ia  prin- 
cipally the  rigidity  or  lakanl  adhesion  of  tha  atrata  of  tfaa  anlwtance,  but 
M  oovld  aearoelj  ha  afibotoal  without  aoma  dagiaa  of  ooharfva  and  iopnl> 
alTO  ftfiea.  WImo  tinae  or  more  forces  are  applied  to  diffeiant  parts  of 
any  snbstance  they  produce  flaximv  ^  l^ond  It,  some  of  its 
parts  being  extended  and  others  compressed.  In  torsion  or  twisting,  the 
centred  particles  remain  in  their  natural  state,  while  those  which  are 
in  opposite  parts  of  the  ( ircuniference  are  dLtmded  or  displaced,  in  op- 
posite directions.  The  operation  of  forces  R]iplui!  in  any  of  these  ways 
may  produce  a  permanent  alteration  or  change  of  iigure  in  substances 
sufficiently  soft,  and  perhi^s,  in  a  certain  degree,  in  all  aoliatanaaa:  tUa 
diange  ia  aoaaatfmaa  oallad  wofkmen  aattling  or  taking  a  aet.  But  tha 
limit  of  all  thaaaaflaolaiafraotan^  wUohia  tha  oonaaqiianoa  of  thaappU* 
cation  of  any  force  capable  of  overcoming  tha  iknngth  of  the  eabetanof^ 
and  to  which  tha  gananlity  of  wxittta  on  madMnifli  hm  hitherto  onnliwad 
their  attention. 

The  forces  by  which  the  form  of  any  substance  is  changed  may  also  be 
divided  into  two  kinds,  simple  pressure  and  impulse  ;  but  it  is  only  with 
regard  to  fracture  that  it  will  be  neoeeMfy  to  take  the  force  of  impulse 
into  consideration. 

Extennon  and  compression  follow  so  nearly  the  same  laws,  that  ihey 
may  bo  beat  underatood  by  comparison  with  each  other.  The  oohedTO  and 
repulaiTa  foroaa  which  raaiat  thaaa  effiDota^  dapend  ahnoat  as  mueh  on  tha 
aolidtty  or  rigidity-  of  tha  anhatanew,  aa  on  tha  sttnotiona  and  rapnlaiona 
wldch  are  their  immediate  oaoaea:  for  a  substance  perfectly  liquid, 
aUhoogh  ita  particles  are  in  fUl  poaManon  of  their  attractive  and  repulsive 
powers,  may  be  extended  or  compressed  hy  the  smallest  force  that  can  be 
applied  to  it.  It  is  not  indee<l  certain  that  the  r^cttuil  dij^tances  of  the  par- 
ticles of  all  bodies  are  increased-  when  they  are  extended,  or  diminislied 
when  they  are  coniijressed  :  fur  these  changes  are  generally  accompanied 
by  contrary  changes  in  oilier  parUt  of  the  same  subbtaiice,  although  pro- 
bably in  namallar  degree.  Wa  may  aaaily  olbanrra  that  if  wa  comptaaa  * 
piaea  of  alaatie  gam  in  any  diraetiony  it  axtanda  itadf  in  othar  diractiona;. 
and  if  wa  aztand  it  in  langth,  ita  breadth  and  thiolmaaa  aia  diminiahad. 

If  tha  rigidity  of  a  body  ware  infinite^  and  all  lateral  motiona  of  ita 
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pMticlei  fme |iwwmUJ,  the  ^nei^obaditm  abtMiroBM  bt  th«  meMun 
€f  llMforee  nfnM  to  produce  grtwhrn,  snd  th»  ilinct  repulsion,  of  tilt 
fm  roquired  to  pooduM  oonpxcnloo;  in  lUs  seqwot  ladcad,  the  Mtoil 
rigidity  of  lonie  raliiiaiices  may  be  oonnderod  aft  Infinity  "whmiwr  llv 
extension  or  compression  is  moderate,  and  no  perroaatHift  tltorstion  of 
form  is  produced;  and  within  these  limits  tlicsc  substances  may  be  caUed 
perfectly  elastic.  If  the  cohesion  and  TTjuil«inn  -werp  infinitf .  unH  the 
rigltlity  liiiiited,  the  only  effect  of  force  "vvould  l>e  to  product;  aiUiaLiun  of 
form :  and  such  bodies  would  be  perfectly  inelastic,  but  they  would  be 
bute  or  loflMr  aomdlbg  toUio  dagtm  of  vigidlty. 

It  iftfoimd  bj  oxperinMii^  ihst  «ho  mmnan  of  iiio  ealniiioii  nd  eoi»- 
pNtdou  of  vnlfofm  daotio  bodito  is  limply  pioportioMl  to  the  taroB  wlrfck 
oecasions  it ;  at  kast  when  the  forces  are  <Hnnparatively  small.  Thus  if  a 
weight  of  100  pounds  lengthened  a  rod  <^  steel  one  hnndr^ith  nf  an  inch, 
a  weipht  of  2(K>  would  lenirthen  it  rerv  nearly  two  hundredths,  and  a 
weight  of  800  pounds  three  hundi I  Itlis  *  The  same  weic^hts  actinsr  in  a 
contrary  direction  "VNOulii  also  shorten  it  one,  two,  or  three  hundndtha 
respectively.  The  former  part  of  this  law  was  discovered  by  Dr.  liouke, 
and  the  eAwta  appear  to  be  perleetlj  analogoua  to  thooe  which  aie  more 
mrily  obMrvmbk  in  ebwtio  ftiida. 

Aoooidiag  to  tUo  analonr*  «a  »7  wptm  tho  ebatioitj  of  aaj  wah* 
gtanoe  by  the  weight  of  aoslam  eoliimncf  the  ame  mbstance,  iriiidimicf 
bo  denominated  the  modulus  of  ite  elaitieity,  and  of  wliielft  tbe  wai|^  bi 
such,  that  any  addition  to  it  would  increase  it  in  the  same  proportion  aa 
the  weight  a<lded  would  shorteTi,  by  its  pressure,  a  portion  of  tlie  5nib- 
stauce  of  equal  diameter.  Thus  if  a  rod  of  any  kind,  lot)  inches  lonjr, 
were  compressed  1  inch  by  a  weight  of  1000  pounds,  the  weight  of  the 
modulus  of  its  elasticity  would  be  100  tboneand  pounds,  or  move  aooiip 
miely  90,000,  which  ii  to  lOO^OOO  in  the  lame  proportion  as  90  to  100.  b 
the  ismo  maaiwry  wo  mast  eoppOBe  tbai  the  aabtiae^on  of  any  weight 
fkonf  that  of  the  nodnfau  will  aim  ^immiA  it^  in  the  tame  ratio  that  the 
equivalent  force  would  aadend  any  fNntion  of  the  substance.  The  heigbl 
of  the  modulus  is  the  same  for  the  same  sulistnnco,  whaterer  its  breadth 
and  thickness  may  V>e  :  for  atmr»s'phprir  air,  it  is  ahont  />  miles,  nnd  for 
steel  nearly  1500.  This  supposition  is  suihcienth  eontirmed  by  experi- 
ments to  be  considered  at  least  as  a  good  approximation  :  it  follows  that 
ihe  weight  the  modulus  nmai  always  exoeed  the  utmost  cohesive 
alMQgth  of  the  •abafeiae^  and  that  the  oomfnwn  prodnoed  bj  each  a 
wdgbtnniitvedMeita  dimwiitona  to  9m  half;  and  I  have  Ibasd  ttai  « 
Ibne  capable  of  oonpMHlttg  a  piece  of  claatio  gum  to  half  its  logth  will 
usually  extend  it  to  many  times  that  length,  and  then  break  or  tear  it ; 
and  also  that  a  force  capable  of  extendins^  it  to  twice  its  length  will  only 
compress  it  to  two  thirds.  In  this  substance,  and  others  of  a  similar  nature, 
the  resistance  appears  to  he  much  diminished  by  the  facility  by  whicli  a 
contrary  change  is  produced  in  a  ditferent  direction  ;  so  that  the  cohesion 
and  repulsion  thus  estimated  appears  to  be  very  wei^  unless  when  the 
rigidHy  b  hmcaaed  by  a  great  degree  of  odd.  It  woold  be  cbbj  to  aaoeiw 
*  See  ^eramads'f  Slem.  Phj^oM,  Mb/L 
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tain  tliu  specific  pra>'ity  of  snch  a  B\i"bgtance  in  difterent  states  of  tension 
and  compression,  and  some  light  might  be  thro-vvTi  by  tlie  comparison,  on 
the  nature  and  operation  of  the  forces  which  are  concerned.  It  has  indeed 
tan  SMtad  lluii  the  ■pacific  gravity  of  akitic  gnm  ii  vna  diminiihad  bgr 
teoikui,  M  tint  the  actual  diataMV  of  tka  paiiUdaa  aannol^  ia  ttia  mtB,  lit 
aappoted  to  ba  surtnttj  faranoaad. 

It  is  difficult  to  compare  the  lateral  adhesion,  or  the  force  which  resista 
tiia  dfltruMon  of  Uie  parts  of  a  solid,  with  any  form  of  direct  ooheaon.  Thia 
force  constitntes  the  rig-idity  or  hardness  of  a  solid  body,  and  is  wholly 
absent  from  liquids,  although  their  immediate  cohesion  nppenrs  to  >ve  nearly 
equal  to  that  of  solids.  Some  experiments  i  Ihm  u  in.i  ie  on  the  fracture 
€»f  bodies  by  means  of  detmsion,  but  it  i]  not  ajqHHr  tliat  the  forea 
necessAxy  to  produce  a  tciupurary  derangement  of  this  kind  has  ever  been 
amninad:  ii  najr  ba  hiferred,  howerer,  from  the  propertiea  of  twiated 
aabataaeai^  that  the  foroa  Tiriaa  in  tha  tnmple  laHo  of  tiia  diatom  ti 
pavtldaa  from  tiunr  natural  poaitlon,  and  it  mnat  alao  ba  Aapty  piopoi^ 
tional  to  Ilia  nagititude  of  tha  aotfaoa  to  vliich  it  it  applied. 

The  roost  n<^ii.il,  as  wall  as  tiia  moat  impoitaai  afl^t  produced  hy  tha 
application  of  force,  is  flexure.  When  a  force  acts  on  a  straight  colnmn  in 
the  direction  of  its  axis,  it  can  only  compress  or  extend  it  equally  through 
its  wbf>le  substance'  ;  hxit  if  the  rlirectinn  nf  the  force  be  only  parallel  to 
the  axis,  and  appHe<l  to  some  point  more  or  less  reniote  from  it,  the  com- 
pression or  extension  will  obviously  be  partial :  it  may  be  shown  that  in 
a  rectangular  column,  when  the  compressing  force  is  applied  to  a  point 
aaore  distant  from  the  axSa  than  one  a&zth  of  tha  depth,  the  ivmoter  anrfiaea 
win  no  loQgar  ba  eompraaad  bni  aztandad ;  and  ii  ba  damonatmtod 
tlni  tha  diaCanaa  of  tha  nantnl  point  from  tiia  aada  io  inveiaaty  aa  tlisiof 
tha  point  to  which  tha  fonea  ia  ipplSad,  Fiom  tha  afltet  of  this  paitial 
oampression,  the  coloma  must  necessarily  becoma  aurved :  and  the  curv»* 
ture  of  the  axis  at  any  point  will  slways  be  proportional  to  its  dis- 
tance from  the  line  of  direction  of  tlie  fnrre,  not  only  while  the  cnhiinn 
remains  nearly  straight,  but  also  when  it  is  bent  in  any  degree  that  the 
nature  of  the  substance  will  allow.  If  the  colnmn  was  originally  bent, 
any  force,  however  small,  applied  to  the  extremities  of  the  axis  will 
incnaaa  tha  cnrvatiuo  aeaoiding  to  tha  aama  Uw,  but  if  the  column  was 
wriginall/  atnlght,  H  caanoi  ba  kept  in  n  atala  of  Itania  bgr  an^  hm- 
gitodinal  foioa  noting  pndady  on  tha  azia^  nnlem  It  ba  graaler  than  a 
oartain  delaniinnta  fona  widcli  fwiaa  aaeoiding  to  tha  dimenriona  cf  tha 
advnm.  It  ia  not  however  tma^  aa  aoma  authors  have  asserted,  that  every 
column  preawd  by  such  a  force  murt  necessarily  be  bent ;  its  state  when  it 
is  straieht  and  submitted  to  the  operation  of  surh  a  f»r<'p  will  rewmble  a 
toftt'iln:^'  ri[iii!'il  riTnn,  in  which  a  body  may  rem;kin  at  n  nt  until  some 
external  cause  di.sturljs  it.  The  figure  of  a  cohinm  naturally  straight, 
1>ut  bent  a  little  by  a  longitudinal  force,  will  coincide  with  that  of  the 
harmonic  curve,  in  which  the  curvature  is  aa  the  distance  from  the  basis. 
(Plata  IX.  Fig.  117...121.) 

Cooflidenbla  imgnlaritiaa  may  ba  obaerved  in  all  tha  exparimanta 
which  have  bean  made  on  the  flawa  of  oolamaa  and  nften  expoaad  to 
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loiiffitudinal  forces;  and  there  is  no  doubt  but  that  some  of  them  were 
ottusi<nieil  hy  the  difficulty  of  apjilyintj  the  force  precisely  at  the  extremi- 
ties  of  the  axis»  and  others  by  the  accidental  inequalities  of  the  suWtanceii, 
of  which  the  fibres  mini  oiftaih*TB  been  in  such  dinetiflnt  as  to  ooosHtats 
origjballj  rather  bent  than  stni^it  fiolumns. 

Wbsn  a  fod,  ool  Tsiy  flexible,  is  fi^  ai  one  «nd  in  a  horisontal  posi- 
tion,  the  enryataie  prodnced  by  its  own  wei|^  is  erery  where  as  the 
square  of  the  diMance  from  the  other  end :  and  if  a  rod  be  simply  8up> 
ported  at  each  end,  its  curvature  at  any  point  will  be  proportional  t<>  tlio 
product  of  the  two  jjarta  into  which  that  point  divides  it.  But  when  Uie 
weights  axe  suppoik^d  to  be  applied  to  any  given  poiuts  of  the  rod  Duly,  the 
curvature  always  decreases  uniformly  between  these  points  and  the  points 
«f  support.   (Pkte  DL  Fig.  122,  123.) 

The  stiffiMss  of  any  sabstanoe  is  msasnred  by  theforoe  nqidred  to  csnse 
ittoiMsdslhimi^  agiven  soiaUspaosinthsdiisetionof  thsfom.  It  is 
only  noonssaiy  to  eonsidsr  this  propsrty  with  mgaid  to  forces  applied 
transversely.  In  such  cases  the  stiflfhess  is  directly  as  the  breadth  and  the 
cube  of  the  depth  of  tin*  >)eam,  and  inver«»ely  as  the  cuhe  of  its  leiifrth.* 
Thus  if  we  have  a  beam  which  is  twice  as  long  as  auutlier,  we  mmt  make 
it,  in  order  to  obtain  an  equal  stifiiieas,  either  twice  as  deep  or  eight  times 
as  broad.  The  property  of  stiffness  is  faHy  as  useful  in  numy  works  of 
ait  as  ihs  uhimats  strength  with  wliich  a  body  vssists  fiaetnre :  thns  ^n 
shel^  a  lintd,  or  a  chimney  pieos,  a  great  degree  of  flezore  would  bo 
afanosi  as  infl(»Tini«nt  as  a  rupture  of  the  sabstanoe. 

When  a  beam  is  supported  at  hoth  ends,  its  stiffness  is  twice  as  great  as 
that  of  a  beam  of  half  the  length  firmly  fixed  at  one  end  ;  and  if  both  ends 
are  firmly  fixed  the  stiffness  is  again  ^fiiadrupled.  For  if  the  whole  beam 
were  inverted  and  sujjported  1>y  a  fulcrum  in  the  middle,  eadi  half  would 
resemble  a  sejtarate  beam  fixed  at  one  end,  and  the  fulcrum  won  id  })ear 
tlie  sum  of  two  equal  weights  placed  at  the  extremities,  disregarding  that 
of  His  beam;  and  oonseqvently  ftis  same  flemre  wiU  be  produced  by 
placing  a  doable  weight  on  the  middle  of  the  beam  in  an  invited  pooition. 
If  both  ends  were  firmly  fixed,  the  currature  would  be  erery  where  as  the 
distamw  from  the  middle  of  each  half,  the  wliole  being  in  the  same  state 
as  four  separate  beams  fixed  at  their  extremities :  eaeh  of  these  beain^ 
would  l>e  ei'/ht  ti?ne**  as  Htift'  an  1»»^a?iih  of  twice  the  length,  and  the  whole 
beam,  iu  this  stutc,  would  W  eiglit  times  as  stiff  as  if  the  ends  were  simply 
guinmrted.  It  is,  however,  difficult  to  fix  the  ends  of  a  beam  so  firmly  as 
to  increase  its  resistance  in  Uus  proportion,  unless  it  be  continued  both 
ways  considerably  beyond  the  supports. 

It  is  evident  that  a  tube  or  hollow  beam  of  any  Idnd,  must  be  much 
atiflfer  than  the  same  quantity  of  matter  in  a  eolid  form:  the  stifinese  is 
indeed  increased  nearly  in  proportion  to  the  square  of  the  diameter^  since 
the  cohesion  and  repuHon  are  equally  exerted  with  a  smaller  curvature^ 
and  act  also  on  a  longer  lever. 

Torsion,  or  twlstinu:,  consists  in  the  lateral  displacement  or  dctrusion  of 
the  opposite  parti*  of  a  tsolid,  iu  opposite  directions,  the  central  particles 
*  Robiion's  Mechanical  Fhiloiopby.  art.  strength  of  Materials,  $  38G. 
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«Rljr  ranabiing  in  their  natiinl  iteto.  We  wifjtA  conalder  %  win  Min.^ 
poMd  of  ft  gicat  nmnbcr  of  ninnte  diMad%  «tWMiing  thfongh  ite  kqgtliy 
mad  cloMlf  conaeetod  together ;  if  we  twisted  saeh  a  wire,  the  extemel 
threads  would  be  extended,  and,  in  order  to  preserve  the  equilibrium,  the 
internal  ones  would  be  contracted  ;  and  it  may  be  shown  that  the  whole 
wire  would  be  shortenefl  one  fnirth  a.«*  Tnuch  as  the  extcnial  fibres  wonli! 
he  f  xtpTifled  if  the  length  remained  undiminished ;  and  that  the  force 
would  vary  as  the  cul>e  of  the  angle  through  which  the  wire  is  twisted. 
But  the  force  of  torsion,  as  it  ia  determined  by  experiment,  varies  simply 
as  the  angle  of  tonion ;  it  cannot,  thwefore,  be  explained  by  the  action  of 
loogiindiiial  fihree  only ;  but  it  appeue  mther  to  depend  prindpally,  if 
not  entirely,  on  the  rigidity  or  lateral  edheeion  whleh  reriate  the  detnuton 
of  the  peitidea.  If  a  wire  be  twice  eethiekae  another  of  the  aemele^gtl^ 
it  will  require  rizteen  times  as  nmbh  force  to  twist  it  once  round;  tha 
stiffness  vaiying  as  the  fourth  power  of  the  diameter,  that  is,  as  the  square 
of  its  Kquare.  But  if  the  length  vary,  it  is  obvious  that  the  meintanoo  to 
the  force  of  torsion  will  be  inverHely  as  the  Irnirt^. 

A  permanent  aheralion  of  form  is  most  perceptible  iu  such  8ul)stances  as 
are  most  destitute  of  rigidity,  and  approach  most  to  the  nature  of  fluids. 
It  limits  the  strength  of  materials,  with  r^ard  to  practical  purposes, 
ahnoet  as  mncfa  m  feactore,  sines  in  gsnenithelSiHwe  wliioh  is  capable  of 
produdng  this  effiMl»  is  soffieient,  with  a  smaU  adaitioo,  to  inereaae  it  tift 
teetare  takes  plaee*  A  smaller  fofoe  than  that  whiob  has  fin*  prsdneeit 
an  altemtioaof  £>nn,ii  eddom  eapable  either  of  iaereadng,  or  of  rmoving' 
it,  a  circumstance  wluoh  gives  such  mateiiale  as  are  snseeplililB  of  an  alter- 
ation of  this  kind,  a  great  advantage  for  many  purposes  of  conTmienoe  and 
of  art.  The  more  capable  a  body  is  of  a  permanent  alteration  of  form,  the 
mnrr  (hietile  it  is  «5ii<l  to  be  ;  pure  gold  and  silver,  lead,  annealed  iron  and 
copper,  wax  when  warm,  glass  when  red  hot,  and  clay  when  moist,  possess 
oonsiderable  ductility.  Wood  admits  of  little  permanent  change  of  form, 
eoBe^  in  a  gnen  state,  although  it  someUm^  settles  a  little,  when  it  has 
been  expoeed  to  preesore.  Even  eteno  will  beoome  peiwianently  bent  in 
the  oontse  of  yeats^  as  we  may  obserre  in  old  marbia  ehtmnqr  pieees. 
But  the  nostdnotlie  of  all  solid  sahataneee  appeals  to  be  a  apidei'e  web, 
Hr.  B^met  twisted  a  thread  of  this  kind  many  thousand  times,  and 
shortened  it  more  than  a  fovftii  of  its  length*  jet  it  showed  no  dieposition 
to  untwist.* 

A  ductile  s^^^l^•tn^ce  accjuires  the  same  cohesive  and  repulsive  powers 
with  regard  to  its  new  form,  as  it  possessed  in  its  original  state  ;  and  when 
the  alteration  of  form  has  once  commenced,  those  powers  are  neither  in- 
creased nor  diminished  by  continuing  the  operation ;  the  degree  of  flexure 
oar  tonion  required  for  producing  a  ftirther  attenttlon,  appeare  aho  to  be 
little  Tailed  s  thns  if  the  spidei's  web  ooidd  at  Hist  be  tiHsted  only  one  half 
foond,  BO  aa  to  retain  the  power  of  letnming  to  ito  otiginal  state,  without 
any  permanent  alteration  of  form,  it  would  never  acquire  the  power  of 
returning  mors  than  half  a  revolution^  however  it  might  be  twisted.  From 

*  Ezperinicnts  on  a  New  Smpeaeloa  of  the  M^nstie  Needle,  Ph.  Tk;  lt9», 
luuii.82. 
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a  wiat  of  attantion  to  this  oonridention^  a  lito  nipMlaUt  ntlMr  ham 
eiUed  in  qiiMtioiiy  witlumt  loffioifliit  naMO*  tlie  MamMj  of  Mr.  B«iiiiet'a 

experiments. 

A  vHrUition  of  ilMctility  in  any  sul>stance,  does  not  appear  to  depend  on 
Wiychan<?e  in  the  inaL^niimle  of  tlie  ultimate  powers  of  cohesion  and  repiil- 
sioiL.  Steel,  wiietlier  pt  i  fectly  hard,  or  of  thf  solLubt  tt'inper,  rPsiMts  tlcxuTe 
with  equal  force,  when  the  deviations  from  the  uaturaJ  state  are  tauaii  :  but 
ataoertainpoiailkeatMlyif  0of^  begins  to  uiideiigo  an  altontionol  Ibim: 
at  anollMr  paint  it  Imaka  if  nncb  haardanad ;  bat  wlian  tlia  hardaaea  ia 
nodatato^  it  ia  eapaUa  af  a  muaii  giaater  anrvataia  without  atthar  paimar 
nant  altmtloa  or  fracture ;  ajid  Uus  qnality,  whidi  ia  valuable  for  the 
purpoaea  af  apatag^  ia  eaUad  toughness,  and  ia  opposed  to  rigidly  and 
brittleness  on  the  one  side,  RTid  to  thictility  on  the  other.  There  may, 
however,  hv  an  apparent  ditterence  in  the  stifFneus  nf  sonic  substances  in 
dittert  at  states,  (instng  from  the  ereater  facility  wiLh  which  tbi  ii  dimen- 
sions ai'e  extended  in  one  directiuu  whiie  they  are  contracted  iu  another : 
thus  ekstic  gum  appears  to  posseas  a  much  greater  degrea  of  sti  Aaaa  whan 
ito  haiiinfian  iainateaaad  bj  oold  than  wfaan  it  la  at  a  mova  aiavaitad  tampa* 
aataia ;  but  tha  cHanga  piodnaad  in  flua  aaaa  by  liaat  ia  nat  an  inovaaaa  of 
that  dnctUitj  which  facilitataa  a  pornMent  altaiatian  of  fo«ai»  hot  rather 
of  Hm  tonghness  which  allows  a  temporary  change  of  figure,  continmng 
only  while  the  force  is  applied.  The  effect  of  foririn?  and  of  wiredrawing 
tends  to  lessen  the  ductility  of  metak,  mv\  to  ren  der  them  tough,  aud  even 
rigid  :  so  tliat  in  hanimerint;  co[!|>€r  aud  brass,  and  in  drawing  wire,  it  is 
neci^iBary  to  anneal  the  metals  more  than  once  by  fire,  in  order  to  restore 
thair  ductility,  which  ia  lessened  by  the  operatioQ.  The  correaion  of  tha 
aoiftea  of  a  matal  byanaaidia  alao  aaidtoiaadarit  bxittia;  bntitiaaot 
fMpoaribia  that  tlna  appaiaot  brittlMMaa  niQr  ba  oonaaionad  bgr  aania  ina» 
gnkiily  ia  tka  aallon  of  lha  aoid* 

The  last  effect  of  fotaa  on  aalid  materials  is  their  fracture,  which,  aa  wdl 
as  the  former  changes,  may  he  produced  either  by  impulse  or  by  pressure 
alone.  The  action  which  resists  pres«;Tirc  is  railed  streni:::tfi,  nn  !  that  v,  hirh 
resists  impulse  may  properly  be  termed  resilience.  The  strength  »>f  every 
body  is  in  the  joLut  ratio  of  its  immediate  cohesion  and  repukiou,  or  elas- 
ticity, and  of  its  toughnesa^  or  the  degree  in  which  it  may  be  extended, 
aomptaiaad,  ar  atfaerwiae  danunged,  withoat  a  aipaiat&an  of  ila  porta.  TIm 
xeailiNioa  ia  jointly  proportional  to  it>  atrangth  and  ita  tonghnaai^  and  ia 
■aaaoiad  bj  tha  psaduot  af  tha  maaa  and  tho  aqnaio  of  tha  valodtjr  af  a 
body  capable  of  brealdqg  it»  or  af  the  masa  and  the  height  from  which  it 
nnirt  fall  in  order  to  acquire  that  velocity ;  while  the  strength  is  merely 
measure  !  In'  the  greatest  pressure  that  it  can  sii])pnrt  in  a  state  of  resL 

Thr  simplest  way  in  which  a  body  can  be  broken  is  by  tearing  it  asunder. 
The  cohesive  force  coatiuueii  to  be  increased  as  long  as  the  tenacity  of  the 
Bobakaaoa  allowa  the  particles  to  be  separated  from  each  oUier  without  a 
permanent  attaaalion  of  iDim;  whan  tfala  liaa  ban  piodaead,  tha  aaaa 
forae,  if  itoaatioa  ia  noatianad,  ia  gaoanlly  capabla  of  oanaiag  a  total  ao]»> 
tion  of  continuity;  and  sometimea  a  eapaxation  takaa  plaoa  witlioat  any 
pmioua  aHeiation  of  thia  land  thai  can  ba  obiemd. 
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ItfaUttwifcoiatliiaataue  of  wrflfaaceb  tibrt  >  bodyf  a  poaad  iwight^ 
ftUi^g  from  the  height  of  a  yard,  wiQ  ^codttce  the  same  effect  in  brealdiig 
any  substanoa^  aa  a  body  of  three  pounds  falling  from  the  hdglil  of  a  foot ; 
so  that  here,  as  well  as  in  the  estimation  of  mechanical  power,  it  is  the 

pnertry  and  not  the  momentum,  that  in  to  he  considered  as  the  measure  of 
th-'  i'tVoct,  If  we  kuow  the  strength  of  any  siihstance,  and  tiie  de^rei*  in 
winch  it  is  capai)le  of  extension,  we  inu\  eaj»ily  determine  its  resilietuo 
from  a  couaideraiioa  uf  Uie  laws  u£  pendulums.  Far  the  same  weigiit 
which  would  br^k  it  by  prenuie,  will  acquire  a  »ifficient  impulse  for 
teMldi«iii»lf  iftliittfioBialMighteqiialtolialfthe  space  thioi«ii  wUck 
the  gnlntiMf  mejr  Itt  t-i^^4H^  '^ri — ^  ^iTtftn  irf  lihr  iItiVt  ^  H 
honaontal,  ao  that  to  eftot  imy  net  he  in  w  ■■iil  h j  Ifae  £one  of  gwwil|jr, 
Thne  If  the  pressure  of  a  weight  of  100  pouida  htoke  a  given  subileaoe 
■Iter  extending  it  through  the  space  of  an  iadi^  the  auBft  vdght  would 
hreak  it  by  strikincr  it  witli  the  velocity  that  would  be  acquired  l)y  the  fall 
of  a  hcary  body  from  the  height  of  half  an  inch,  and  a  weight  of  OKie 
pound  would  break  it  by  falling  from  a  heisrht  of  50  iiichea. 

It  is  oh>'iou8  tliat  the  coheaive  strenifth,  well  as  the  resilience,  of  any 
8ubstanc£  must  be  simply  prQp<urtion&l  to  tho  magnitude  of  its  transverse 
•ectioBythsli^aflbeMirfbBftef  frMlaie.  Some  ei^eilBMBls  appear  to  iImw 
lh«t  it  iacnaMS  hi  a  giMter  proportim  Ifaaa  tUe  waAe^,  olhen  Oai  H 
inwiUMi  hi  a  imallnr  pvoportioii;  bnt  it  ia  pnehaUe  that  ia  hoih  ceeie 
•ome  aeadenlal  iizegdHiiMs  mwt  baTe  iaieriiBwd»  aad  tint  a  wiie  two 
iiiohM  in  diameter  is  exaotly  four  timee  M  ihraiig  ai  a  wire  one  inch  in 
diameter.  The  len|<th  has  no  effect  either  in  increadng  or  in  diminishing 
the  cohesive  strencrth  :  hvit  the  re^iilience  is  proportional  to  the  lengthy  iiaoe 
a  similar  extension  of  a  loiiL:t'r  t^l.n-e  jirodnces  a  rTr«}ater  eloniiaiicm. 

There  is  liow ci  t*r  a  limit  Ue^oud  wkicli  Uic  velocity  of  a  body  striking 
another  cannot  be  increaaed  w^ithout  overcoming  lU  rt^sUieuce  and  breaking 
it,  however  small  the  bulk  of  the  first  body  may  be,  and  this  limit  depends 
OB  «lio  hMtia  of  the  parte  «i  Hm  eoooad  body,  whidi  mail  not  he  dia> 
wgwded  nhan  they  aw  Implied  with  a  ooniiiwahb  Tiloeiiy.  For  it  la 
ilomiiaiiiahle  that  there  is  a  eertiUn  fidiedty,  depandwit  ok  the  ■afeue  of  a 
aihitance,  witfi  which  tha  ofihot  of  any  impulse  or  pwiwiin  ie  tmanitlod 
through  it ;  a  certain  portion  of  time,  wludi  is  aiuartar  aeooordingly  as  the 
}Hx\y  \h  more  elastic,  being  ref{uire<l  for  the  propftijntion  of  the  force  through 
any  [)art  of  it ;  and  if  the  actual  velurity  of  any  impulse  be  in  n  greater 
proporUon  to  this  velocity  than  the  ext»  nslioi  or  compre^ion,  of  whicli  the 
substance  is  capable,  is  tu  its  wliule  ieugtii,  it  ih  olivious  that  a  se)>aratioa 
must  be  produced,  since  no  parta  can  be  extended  or  compressed  which  are 
aot  yet  iAotod  hy  iha  Inpnlai^  and  tfia  lH«gthof  tiia  fortioB  alieelad  at 
aay  inataat  ia  sot  anffioiinl  to  aUoir  tha  loqaind  eatiaiion  or  imihihiIiid, 
Thoa if  tha  Talodty  with  whioh an  impnirioali  traaemittaA  hgr  aoartaia 
kind  of  wood  bo  11^000  ftot  hi  a  second,  and  it  be  susceptible  of  eottpAoa 
sion  to  tlie  extent  of  -ri^of  its  length,  the  greatest  velocity  that  it  can  rceiit 
will  be  75  feet  in  a  s^K'ond,  which  is  equal  to  that  of  a  ho<\y  falling  from  a 
height  of  a)>out  IH)  feet.  And  l»y  n  similar  roTnparisnn  we  mav  determine 
the  velocity  which  wiU  be  suihcient  to  penetrate  or  to  break  off  a  substance 
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in  any  otlicr  maiour;  if  we  calculate  the  velodty  nqnlved  to  tonrey  the 
impulse  from  one  part  of  the  Hubstance  to  the  other,  and  ascertaun  Um 
degree  in  which  it  can  have  its  (liinen'^inn<<  altered  without  fracture. 

It  ia  easy  to  understand,  from  thi-s  btatement,  the  different  fjimlities  of 
natural  bodies  witli  respect  to  hardness,  stjftness,  toughness,  and  Itriiiieness. 
A  column  of  dialk,  capable  of  supporting  only  a  pound,  will  perhaps  bt 
compwed  bj  it  onlj  *  thoafluidtfa  pait  of  its  length  ;  a  eohmm  of  daatie 
gnin,  capable  of  eoipeiidiqg  a  pouad,  may  «>tended  to  more  than  twi«o 
ita  length,  the  elastic  gum  will  therefore  resist  the  energy  of  an  impnlsff 
ineompaxabJy  greater  than  the  chalk.  A  diamond,  8o  hard  as  to  reeiet  an 
enormous  pressure,  may  )>e  broken  by  a  moderate  blow,  with  a  small 
lifimmer.  A  weight  of  ICHX)  pounds,  moving  with  a  velocity  of  one  foot  in 
a  second,  and  acting  on  a  small  surface  of  a  board,  may  possess  suthcient 
energy  to  breulv  or  to  penetrate  it ;  with  a  velocity  of  100  feet  in  second,  a 
weight  of  <^  pound  will  possess  the  same  energy,  and  prodnoe  the  same 
effect,  if  it  aot  on  a  tinUar  eorlace ;  but  if  ibe  wood  be  eo  oonetitiited  at 
to  be  wlioUy  ineapaUe  of  reeieting  a  velocitjr  of  100  leet  in  a  eeooad,  it  may 
be  penefamled  by  a  w^ht  of  of  a  pound  ae  well  ae  by  one  tenth,  and 
by  a  moderately  soft  body  ae  w^  ae  by  a  harder  one.  The  whole  board, 
however,  if  at  liberty,  would  receive  a  much  greater  momentum  from  the 
impulse  of  the  large  weight,  than  from  that  of  the  small  one,  it^s  action 
being  continued  for  a  much  longer  time.  And  it  is  for  this  reason  that  a 
ball  shut  by  a  pistol  will  perforate  a  sheet  of  paper  standing  upright  on  a 
tal>le,  without  overturning  it. 

The  etrength,  or  rather  hardnem,  of  a  eabelanee  ezpoaed  to  the  aetion  ef 
afeioe  thai  tende  to  oompieee  14^  moat  not  be  oonfonnded  with  ite  reeutaoee 
to  a  force  applied  longitudinally  and  tending  to  prodnoe  Bmsan.  A  dender 
rod  of  wood,  when  it  yielde  to  a  longitudinal  pressure,  oommonly  benda 
before  it  breaks,  and  gives  way  at  last  to  the  force  by  a  transverse  fracture ; 
but  n  cobirnn  nf  stonc  or  brick,  and  even  a  thick  pillar  of  wood,  is  crushed 
Without  beniiuig,  and  generally  by  a  smaller  force  than  that  which  would 
[>roduce  or  continue  a  flexure.  In  this  case  the  parts  slide  away  laterally, 
and  in  a  rectangular  pillar ;  if  the  texture  of  the  substance  is  uniform,  and 
not  fibrou%  the  miikoee  of  fracture  will  make  nearly  a  right  angle  with 
each  other,  euppoeing  the  teeiitance  aridng  from  the  latere!  adheeion  inthe 
diieotion  <tf  any  surface  or  eeetion,  to  be  eimply  proportional  to  that  eeo- 
tlon;  but  if  this  force,  like  that  of  friction,  is  increai5e<l  hy  a  prrpsnre 
which  tends  to  bring  the  parts  into  closer  contact,  tlie  angle  left  after  frao- 
ture  must  lie  more  acute.    (Plate  X.  Fig.  124,  12.5.) 

The  power  of  tlie  force  of  lateral  adhesion  in  ri^isting  fracture,  is  con- 
sidered by  Mr.  Coulomb  as  nearly  et^ual  to  tliat  of  the  direct  cohesion  of 
the  same  substance,  or  a  little  greater ;  while  Professor  Bobison*  makes  it 
twice  ae  great*  If,  however,  tfale  force  be  euppoeed  to  be  eunply  equal  to 
the  direct  coheeion,  it  may  be  inferred  that  the  etrength  of  a  equare  bar  in 
resisting  compreieion  le  twice  ae  great  ae  ita  ooheeive  etrength,  allowing 
that  the  fracture  takes  place  in  the  surface  of  least  resistance.  It  is,  how- 
ever, seldom  that  the  strength  with  which  a  body  rensts  compreeeion,  ia  in 
*  Stnogth  ef  Molsriab,  eiti.  37S,  m. 
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to gmt » pfopoftion  MtUs  to  iti  wiuAw  atrength;  and  when  the  snb- 
■taiiot  is  in  any  degree  compoaed  of  fibiea,  tbey  mui  natoially  pxoduoe 
gnat  in^larities  by  liiair  flezun.  The  strength  In  resisting  oompnndon, 
most,  aceording  to  Uiis  statement,  be  simply  proportional  to  the  magnitudo 

of  the  section  of  the  substance,  although  some  experiments  on  freestone 
appear  to  ifidirat^,  that  when  the  section  in  increased,  the  strength  is  in- 
creased in  a  greater  proj)ortion ;  and  there  is  no  reason  to  suppose  that  it 
CAU  l)e  influenced  either  way  by  the  length.  A  cylindrical  or  jirisniatic 
form  is  therefore  the  best  tliat  can  be  given  to  materials  of  a  given  )>ulk,  in 
order  to  oiuUe  them  to  nM  «  fom  whleh  tonda  to  cntah  them,  except 
thai  the  additional  preaenn  of  their  own  weiglit  on  the  tower  parka,  ro- 
qniiea  that  thoae  parta  ahoold  Im  a  little  stronger  than  the  upper  parte.  It 
appean^  alao,  that  something  is  gained  by  making  the  outline  a  little  oon- 
▼ez  eztenally  ;  for  it  may  be  demonstrated,  that  for  a  column  or  upright 
beam  to  be  cut  out  of  a  slab  of  equable  thickness,  supposing  the  strength 
to  l>e  independent  of  presaurt^  the  strongest  form  is  a  circle.  (Plate  X. 
Fig.  120,  127.) 

When  a  body  is  broken  by  a  transverse  force  a]>}>lied  very  near  to  a 
fixed  point,  its  lateral  adh^ou  is  overpowered  by  the  effect  which  we  liave 
oalled  detrvaiony  and  its  atrangth  in  tfaiie  case  is,  thenfore,  generally  some- 
what greater  tiian  ita  direet  ooheBive  atrength.  Bnt  when  the  part  to  which 
the  foroe  la  immediately  applied  ia  at  a  distance  from  the  fined  point 
greater  than  about  one  sixth  of  the  depth,  the  fiaotun  ia  no  longer  the 
inunediate  consequence  of  detni8ion»  bnt  of  flexure. 

Flexure  is  the  most  usual  manner  in  which  fracture  is  produced  ;  the 
superficial  parts  on  the  convex  side  are  most  extended,  and  usually  give 
way  first,  except  in  soft  fibrous  substances,  such  as  moist  or  grtcn  wood, 
which  is  more  easily  crunhed  than  torn  ;  and  in  this  case  the  concave  side, 
fails  first,  and  becomes  crippled,  and  the  piece  still  remains  suspended  by 
the  cohesion  of  the  fibres.  After  the  eonrex  surface  has  been  cracked,  the 
whole  snbetanoe  la  usually  separated^  but  not  always ;  for  example,  a 
triangular  beam^  with  one  of  the  edges  uppermost^  may  be  ehaiged  with 
ao«h  a  we$8^  that  the  upper  edgo  may  be  divided  and  the  lower  part  aaay 
remain  intiis* 

When  a  column  or  rafter  b  broken  by  the  operation  of  a  longitudinal 
pressure,  the  stiffness  of  the  colinnn  being  once  overcome,  a  Amall  addition 
of  force  is  usually  Hutticient  to  produce  fracture,  unless  the  jircssure  has 
been  applied  to  a  part  more  or  le?ia  distant  from  the  axis  ;  for  in  this  case 
a  moderate  force  may  produce  a  moderate  flexure,  and  a  Uiuck  greater 
force  may  be  required  to  break  the  column.  But  in  general,  the  atiflbeaa 
of  ooinmna  ia  of  mon  oonaeqnenoe  than  their  atrangth  in  reaisfcing  trana- 
▼erae  fracture* 

The  atnngtti  of  beama  of  the  same  Idnd,  and  fixed  in  the  same  mannoTt 
in  resisting  a  tianavene  foree^  is  simply  a^  thrir  breadth,  as  the  fiquare  of 
their  depth,  and  inversely  as  their  length.^  Thus,  if  a  beam  be  twice  as 
bnjad  as  another,  it  will  also  be  twice  as  strong,  but  if  it  be  twice  as  deep, 
it  will  be  four  times     ntrons?  ;  for  the  increase  of  depth  nut  only  doubles 

*  Bobuon'i  Mech.  Phil.  i.  §  374,  &c. 
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the  number  of  the  nrielfaig  putieks,  bat  alio  givte  each  of  them  a  doable 
power,  hy  increasing  the  lengfli  of  the  levers  on  which  they  act.  The 
increeee  of  the  length  of  a  heam  nuist  also  obviously  weaken  it,  hy  giving 
a  merhanical  advantage  to  the  power  which  tends  to  break  it ;  and  some 
experiments  appear  to  show  tliat  the  ftrenirth  is  diminished  in  a  proportion 
Bonjcwliiit  ;,;reiiter  than  that  in  which  Uie  length  is  iucrcaiied. 

The  strength  of  a  beam  .supported  at  lM>th  ends,  like  He  stiffiUBi,  ii  twice 
es  gmt  ee  that  of  a  single  beam  of  half  the  length,  which  ie  fixed  at  one 
end ;  and  the  etraogth  of  the  whole  beam  is  egain  dooUed  if  both  the  ends 
an  firmly  fixed. 

The  renlienee  of  a  prismatic  beam,  resisting  a  transverse  impulse,  follows 
a  law  Teiy  different  from  that  wliieh  determines  its  strength,  for  it  is 
fimply  proportional  to  the  Itnlk  or  wei)*ht  of  the  beam,  whether  it  he 
shorter  or  h)nirer,  nnrrower  or  wider,  shaHower  or  deeper,  soliil  or  hollow. 
Thus  H  l)eain  ten  feet  long  will  support  but  half  a»  great  a  pressure,  witli- 
out  i>reukinir,  as  a  beam  of  the  same  breadtii  aad  depth,  whkb  ie  only  five 
feet  in  kagtli ;  bat  it  will  bear  the  impulse  of  a  double  weight  striking 
against  it  with  a  given  veloeity,  and  will  require  that  a  given  body  should 
fall  from  a  double  height  in  order  to  break  it. 

It  is  therefore  of  g^eat  conse<(uence  in  the  detetmination  of  the  fi>nn  and 
quantity  of  the  materials  to  I>e  employed  for  any  mechanical  purpose,  that 
we  should  con-sider  thennture  tis  well  as  tlie  mnirnitude  of  ihf  f-Tces  which 
are  to  l>e  n  ^isted.  Stiffiie.Hes  wtrength,  or  resilience,  may  )>e  sepurately  or 
jointly  required  in  various  degrees.  For  a  ceiling,  stiffness  would  be  prin- 
cipally desirable  ;  for  a  door,  strength  ;  for  the  floor  of  a  bail  room,  resi- 
lience ;  for  a  eoach  spring,  reoiieooe  and  flexibility,  that  is,  resilience  with- 
out stilfoees.  An  obeenratory  should  be  as  sUlF  as  posnble^  a  d^p  as  strong 
as  possibli^  a  cable  as  resilient,  as  posrible. 

It  is  a  common  remark,  that  a  floor  whidi  shake;;  is  the  strontrest ;  and, 
improl>ahle  as  it  appears  at  first  sight,  it  may  perhaps  be  founded  in  truth  ; 
for  if  the  absnlute  s1rt  nLrth  of  ri  •^tiff  and  a  shaking  floor  were  equal,  the 
shaking  floor  would  Inar  tlie  eHects;  of  motion  with  the  least  injury.  It  is 
possible  that  a  stiti  floor,  which  would  support  a  numerous  assent hlv, 
might  give  way  at  a  ball ;  while  a  more  resilient  one,  which  would  be 
suited  for  dancing,  might  be  destroyed  by  a  erowded  concert 

A  coach  spring,  divided  into  plates,  has  the  same  povrer  of  resistfng, 
without  beiag  broken,  the  momentum  of  the  oarilagev  arising  from  sudden 
elevations  and  depressions,  as  it  would  possess  if  it  formed  ime  entire 
mass,  while  its  greater  flexibility  allows  it  to  regulate  these  motions  in  a 
much  more  gradual  nnd  irentle  manner.  A  sinirle  pieee  of  timber  may 
perhfips,  sometimes,  have  too  much  of  the  flexi)>ility  of  a  coaeli  s^irinLr,  its 
strata  sliding,  in  some  dt  ^ree,  <ni  each  other  ;  in  tju(  h  a  vsam  its  stithieas 
and  strength  may  be  incrt'ai*d  by  binding  it  verj'  firmly  with  hoops. 

The  transverse  etrengUi  of  a  perfectly  clastic  substance,  fixed  at  one  Md, 
is  to  ite  direct  cohesive  strength  as  the  depth  of  the  enbetance  to  six  timee 
its  length.  This  proportion  is  equally  appUcabfe  to  such  snbstanoes  ae  re- 
eiet  compression  more  strongly  tiian  extemnon  ;  for  their  immediate  repul- 
sive force  is  proliabiy  not  greater  than  their  cohesive  foroe^  when  their 
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dimftittions  an  equally  changed,  w  that  the  middle  of  the  lieaiii  b  alwaye 
ia  iii  natiurad  state ;  and  when  tbe  eurrature  ia  mffieient  te  overoome  the 
cohesive  foree,  the  whole  beam  mnat  g^ve  way.  When,  however,  the  snb- 
stanoe  is  lem  capable  of  resisting  compression  than  extension,  the  concave 
surface  gives  way  first,  and  tl^  strength  depends  imiaediately  on  tile  npulo 
sive  strentrth  of  tlie  substance.  This  is  perhaps  the  reason  that,  in  experi- 
ments oTi  l»f  mns  of  oak,  the  transverse  HtrenLfth  has  seldom  been  found  in  a 
greater  rati<»  to  the  whole  cohe^iive  i^treogUi  than  that  of  the  depth  to  nine 
times  the  length. 

It  may  be  inferred  from  the  consideration  of  the  nature  of  the  different 
kiodi  of  nsittanee  whkhhave  been  explained,  that  if  we  have  a  oylindriod 
tne  a  foot  in  diameter^  whioh  ia  to  be  formed  into  a  piiamatio  beam  by 
fattening  its  sides,  we  shall  gain  the  gmtsst  stiffness  by  making  the 

breadth  or  thickness  6  inches,  and  the  de]>th  104,  the  greatest  strength  by 
making  the  breadth  7  inches  and  the  depth  9|,  and  the  greatest  resilienoe 

by  raakin*;  thv  Wiim  sfjuare.  The  stiffness  and  the  strength  of  the  beam 
THfiy  be  much  iiU  Tcased  by  cutting;  the  tree  into  four  pieces,  turning  their 
t  lue^  outwards,  aud  unitini^  tb»'Tn  s<»  as  to  make  a  hollow  beam:  but  it 
will  re(iuire  great  strength  of  union  l<>  laake  the  wlu;Ui  act  as  one  piece, 
and  the  resilience  of  tlie  beam  will  be  ratlier  dimimshed  thaii  increuhed  by 

the  opeiation. 

The  adoption  of  the  hoUow  meats  and  beams  wliieh  an  iiigenioas  m** 
chanie  lias  lately  intiodnoedf  teqntresb  therefore^  aomeoantion.  For  where 
an  impoise  is  to  be  resisted,  sneh  a  mast  ia  no  stnmger  than  a  solid  meet  of 

the  same  weight,  and  much  weaker  than  a  solid  mast  of  the  same  diameter. 
The  force  of  the  wind  is,  however,  rather  to  be  considered  as  coustitutins;' 
a  pre«f?nre  than  a  finite  impulse,  except  when  n  sudden  squall  carries  a 
loose  sail  before  it  with  considerable  velocity,  A  Hiinilar  caution  may  also 
be  extended  to  nouie  other  attempts  to  make  improvements  in  naval  archi- 
tecture :  it  is  a  common  opinion,  and  pcrha])s  a  well-founded  one,  that 
ieauUlity  is  of  great  advantage  to  a  ship'a  sailing ;  if  therefore  we  saerifioe 
too  much  resilience  to  stiength,  and  too  mneh  of  both  to  etifiheie^  we  may 
peihape  ereate  greater  evils  than  those  which  we  wish  to  avoid. 

We  have  hitherto  snppoeed  the  bcame  of  which  the  strength  has  been 
compared,  to  be  prismatic,  that  i^,  of  equal  breadtli  and  thickness  through- 
out, which  is  not  only  the  simplest  form  in  theory  but  the  most  generally 
useful  in  practice.  If,  however,  vve  luive  the  power  of  piviuL'  hhv  foi-m 
that  we  please  t<>  materials  of  a  curtain  weiirht,  which  may  olu n  l»e  done 
where  several  smaller  j)ieces  arc  to  be  cut  out  of  a  larger  one,  or  a  larger 
one  to  be  compoiied  of  several  bmailer  ones,  or  whei-e  tlie  materials  are 
either  ductile  or  fusible,  it  is  fre4|uently  poedUe  to  determine  a  more  ad- 
vantageous iS»nn  than  that  of  an  equable  beam  or  column.  For  since  the 
•xteoeioa  vdiieh  the  parts  of  the  substance  admit  withoutgiving  way,  is  the 
Umitof  thdr  strength,  if  the  depth  of  abeam  be  eveiywbnre  equal,  and  the 
curvature  unequal,  the  fracture  will  first  take  place  where  the  curvature 
is  greatest,  and  the  superfluous  strength  of  the  other  parts  will  be  lost ;  so 
that,  in  order  to  have  the  greatest  strength  that  a  giveit  <piantity  of  mate- 
rials is  capable  of  aii'ording  in  a  beam  of  given  length,  the  form  must  be 
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such  that  tlie  strength  may  be  everywhere  equal,  die  tension  of  the  surfarf> 
being  equal  throufrhout ;  and  the  depth  must  be  as  much  smaller  as  the  (  ur 
vature  is  sjreater.  It  is  alsa  necessary  to  consider  whether  the  sub»tance  w 
likely  to  be  crushed,  aud  whether  it  is  liahle  to  l>e  broken  b}'  detrusion 
rather  than  by  flexure.  Sometimea  the  depth  of  the  beam  may  be  limited, 
and  BomitiiiMa Ha  bietdtlL;  or  it  may  be  leqnured  flui  the  bieedth  and 
depth  may  be  always  equal  or  proportioiial  to  each  other,  and  the  foroe 
nay  be  either  applied  at  one  end  of  the  beam  or  it  may  be  equally  ^Tided 
throqghout  its  length  ;  it  may  also  principally  depend  on  the  weight  of  the 
substance  itself  ;  and  the  strongest  form  will  1>e  different  according  to  the 
diffrrcnf  rnn<ntioiis  of  its  application.  In  the  most  common  case*?,  the 
outiim  niij-t  l)e  either  triangular  or  jiaraholie,  as  if  the  point  of  the  triaui^le 
were  rounded  off;  but  the  turves  required  are  sometimes  of  much  more 
difficult  investigation.   (Plate  X.  Fig.  128...  1^7.) 

The  strength  of  bodiee  ie  lometimee  employed  in  ndstin^  toidon,  aa  in 
the  case  of  the  aides  of  wheeb  and  j^nion^  rudders  of  shipe^  and  screws  of 
all  kinds :  bat  there  is  seldom  occasion  to  determine  their  absolute  strengttk 
in  leebting  a  force  tfana  applied  ;  if  they  are  snffietently  stiff,  their  parts 
are  not  often  separated  by  any  vi.jlent  efforts. 

In  order  to  investi<rate  the  strennrth  of  the  various  smbfstanccs  employed 
for  the  purposes  of  the  meehanical  arts,  it  is  most  convenient  to  use  a 
machine  furnished  with  proper  supports,  aud  gripes,  or  vice^,  for  holding 
the  materials,  and  with  steelyards  for  ascertaining  the  magnitude  of  the 
foree  applied,  vrhile  the  extension  or  compresnon  Is  produced  by  a  acww 
or  a  winch,  with  the  intenrention  of  a  wire,  a  chain,  or  a  cord  :  provision 
ought  also  to  be  made  for  varying  the  direction  of  the  ibroc^  when  the 
flexure  of  the  materials  renders  each  a  change  neecasaiy*  (Plate  XL  1%. 
148.) 

Accordini;  to  the  experiments  of  various  authors,  the  cohesive  strength  of 
a  square  inch  of  razor  steel  is  about  loO  thousand  iM)und'!,  of  soft  steel  120, 
of  wrouglit  iron  80,  of  cast  iron  50,  of  good  rope  2<>,  of  oak,  heecli,  and 
willow  wood,  in  the  direction  of  their  fibres,  12,  of  fir  a,  aud  of  lead  about 
S  thousand  pounds :  the  cohesive  strength  of  a  square  inch  of  biiefc  800^ 
and  of  freestone  800.  Teak  wood,  the  tectona  grandis^  is  said  to  be  alill 
stronger  than  oak. 

The  weight  of  the  modnlos  of  the  elasticify  of  a  square  inch  of  steel,  or 
that  weight  which  would  be  capable  of  comprising  it  to  half  its  dimen- 
sions,  is  about  3  million  poundf? ;  hence  it  follows,  that  when  a  «»qnare  inch 
of  '^tf'^l  is  t-orn  asunder  hy  n.  weight  of  150,000  pi^unds,  its  length  is  first  in- 
crt-aM'il  til  (iiu  twriitit'th  more  than  its  natural  dimensions. 

The  streugtli  of  different  materials,  in  resisting  compression,  is  liable  to 
great  variation.  In  steel,  and  in  willow  wood,  the  cohesive  and  repuUve 
strength  appear  to  be  nearly  equal.  Oak  wiD  suspend  much  mors  than 
flr ;  but  ftr  wifl  sapport  twice  aa  much  as  oak ;  probably  <m  aeconnt  of 
the  curvature  of  tike  fibrss  of  oak.  Freestone  haa  been  feun<l  to  support 
about  2000  pounds  tot  each  square  inch,  oak  in  some  practical  cases  mors 
than  4000. 

The  strongest  wood  of  each  tree  is  neither  at  the  centre  nor  at  the  cir- 
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emBfimnce,  but  in  the  middle  between  both ;  and  in  Europe  it  is  generally 
thicker  and  firmer  on  the  eonth^eaei  aide  of  the  tree.  Although  iron  ia 
mnoh  stronger  than  wood,  yet  it  ia  mote  liable  to  aocidwtal  imperfections ; 
and  when  it  Uala,  it  glree  no  warning  of  its  approaching  fracture.  The 
equable  quality  of  steel  may  be  ascertained  by  oorroeion  in  an  acid ;  but 
there  is  no  easy  mode  of  detecting  internal  flaws  in  a  bar  of  iron,  and  we 
can  only  rely  on  the  honesty  of  the  worknmn  for  its  soundness.  Wood, 
when  it  is  crippled,  complains,  or  eniit^s  a  sound,  and  after  this,  although 
it  is  much  weakened,  it  may  still  retain  strength  enough  to  he  of  service. 
Stone  sometimes  throws  off  small  splinters  when  it  b  beginning  to  gire 
way  ;  it  is  said  to  be  capabk  of  supporting  by  much  the  gieateat  weight 
when  it  ia  placed  in  that  position^  with  respect  to  the  horison^  in  which  it 
liaa  been  found  in  the  quarry. 

It  is  obvious  that  wbm.  tlie  bulk  of  the  substance  employed  becomes  very 
considerable,  its  weight  may  bear  SO  great  a  proportion  to  its  strength  as  to 
add  materially  to  the  load  to  be  supported.  In  most  cases  the  weight  in- 
creases more  rapidly  than  the  strent^th,  and  causes  a  practical  limitation  of 
the  magnitude  of  our  macliines  and  edifices.  We  s^'e  also  a  similar  limit 
in  nature  ;  a  tree  never  grows  to  the  height  of  l<x>  yards;  au  animal  is 
never  strong  enough  to  uvei*t>et  a  mouutaiu.  It  has  been  observed  that 
whales  are  often  larger  than  any  land  admals,  because  tiieir  wdght  ia 
more  supported  by  the  pressure  of  the  medium  in  which  tiiey  swim. 

The  force  of  friction  whieh*redsfeB  the  aUding  of  dilferent  bodies  on  each 
other^  seems  to  be  intimately  connected  With  that  lateral  adhesion  or  ri- 
gidity which  is  opposed  to  the  internal  displacement  of  the  parts  of  a 
single  body,  by  the  effect  which  we  hare  denominated  detrusion ;  and 
when  the  friction  is  considered  as  resisting  pressure  rather  than  motion,  it 
approaches  still  more  nearly  to  the  same  force.  It  is  probably  derived  in 
gWMit  meamire  from  the  strength  of  tlie  protuberant  particles,  which  must 
he  broken,  bent,  or  comprea^ed  by  the  motion  of  the  bodies  on  each  otlicr  : 
but  it  is  not  always  that  the  existence  of  such  particles  can  be  asserted, 
much  less  can  they  he  made  peroqptible  to  the  senees,  and  we  can  only  ex- 
amine the  effects  which  they  niay  be  supposed  to  jwoduoe,  by  immediate 
ezperimenta  on  the  forces  required  to  countwact  them.  Such  ei^erimenta 
haTC  been  made  on  a  very  extensive  scale  by  ICusschenhroek*  and 
Coulomb,t  and  many  of  their  results  have  been  confirmed  by  Mr..  Vince»t 
in  a  simple  and  elegant  manner. 

With  a  few  exceptions,  the  friction  of  all  solid  bodies  is  either  j)erfectly, 
or  very  nearly,  a  uniformly  retarding  force,  neither  iiicreasiug  nor  Ui- 
iiiimslung  when  the  relative  velocity  of  the  l>udies  concerned  is  changed. 
The  friction  of  some  rougli  sulratancee  is  a  litUe  increased  with  the  velocity, 
but»  as  they  beoome  more  polished,  this  variation  disappean.  WheOt  how- 
ever, the  motion  ia  wholly  eztine^  and  the  bodies  ronain  in  contact  with 
each  other,  their  adhesion  is  usually  greater  than  the  friction,  and  by  a 
oontinualion  of  the  contact,  it  may  htetmit  twice  or  evoi  thrice  as  great^ 

•  Intruductio  ad  Philosophiam  Naturalem,  2  vols.  Ito,  l.eyd.  1762,  i.  115. 
+  M^.  des  Saviin^  Etrangers,  x.  161. 

$  Oa  the  Molioik  of  ikidaas  affiBded  by  Fcictioo,  Ph.  Tr.        Izzv.  165. 
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especially  where  the  surfaces  are  hii^e  aud  the  substances  but  moderately 

hurd. 

The  truth  of  the  assertion,  that  friction  is  a  uniformly  retarding  force, 
may  be  Atmn  vcoty  ooiiT«nieiitly  by  mmaa  of  Atwood'v  iiwchipe  fur  «e- 
peiimcnti  on  aocelentMl  motion*  By  rafieriiig  tho  tadt  ot  the  pulley  to 
rest  on  the  enifaoe  of  any  fixed  snbelanee,  we  may  subject  it  to  a  IHction 
of  which  the  magnitude  may  l)e  varied  by  different  methods ;  and  we  diail 
find  that  the  motions  of  the  boxes  still  indicate  the  action  of  a  uniformly 
accclcratu)':  force,  the  spaces  descril>ed  being  always  proportional  to  the 
squares  ot  tiie  times  of  descent;  it  foUows  therefore,  that  since  the  ope- 
ration of  gravity  in  uniform,  that  of  friction  which  is  deducted  from  it  at 
eadi  instant,  must  also  be  uniform,  in  order  that  the  remaining  acceleration 
may  follow  the  eame  law. 

The  nnifbnnity  of  the  foroe  of  frietion  may  aleo  be  ehown  by  the  deeeoit 
of  a  flat  Bubst^ce  on  an  inclined  plane  :  if  the  body  be  caused  to  bepn  ite 
descent  with  a  certain  velocity,  it  will  be  retarded  when  the  resistance  is 
greater  than  the  relative  force  of  gravity  :  in  this  case  the  retardation  will 
continue  until  it  is  u  holly  stopped,  the  resistance  not  tliminishing  with  the 
velocity.  If,  on  the  contrary,  the  relative  weight  overpoweni  tlit*  resistance 
at  first,  the  motion  will  be  cuulinually  accelerated,  the  resistance  not  being 
increased  by  the  increase  of  the  velocity.  But  since  every  experiment  of 
this  kind  mnet  be  performed  in  the  preaenoe  of  the  air,  die  redetanee  of 
thie  flnid,  which  follows  anothw  law,  will  in  the  end  prevent  the  ao- 
eeleration. 

It  may  in  general  be  asserted,  with  some  exceptioni^  fliat  the  force  of 

friction  is  simply  proportional  to  the  weight  or  pressure  that  brings  the 
suhstances  concerned  into  contactj  independently  of  the  mairnitndeof  their 
burfaces :  but  Mr.  Coulomb  1ms  obHervctl  that  iu  many  cai^es  there  is, 
I>cside8  this  force,  another  resistance,  amounting  to  several  pounds  l()r  each 
square  foot  of  the  surface,  which  is  independent  of  the  pressure  ;  and  by 
calcnkting  theee  fmoes  sepaiately,  we  msy  probably  always  aseertain  the 
whole  renstanee  with  snfficient  accuracy.  This  constant  portion  is  usually 
much  smaller  than  that  which  varies  with  the  weight,  and  in  all  common 
cases  it  may  lie  safely  neglected,  and  the  friction  of  stone  Ott  stone  may  be 
called  equal  to  one  half  of  the  pressure,  that  of  wood  on  wood  one  third, 
and  that  of  metal  on  metal  one  fourth  :  end  this  may  serve  as  an  estimate 
sufficiently  accurate  for  calculating  the  etfects  of  machines  ;  although,  if 
their  parts  were  perfectly  adjusted  to  each  other,  and  all  the  surfaces  well 
polished,  the  friction  would  not  in  general  exceed  one  eighth  of  the 
pressure,  whatever  might  he  the  nature  of  the  materials.  Hie  application 
of  vnetuons  subetances  lessens  the  friction  in  ihe  firrt  instance ;  but  unless 
they  are  frequently  renewed,  they  sometimes  tend  rather  to  increase  it. 

Tlie  simplest  mode  of  ascertaining  the  magnitude  of  the  friction  of  two 
bodies,  is  to  incline  Uieir  common  surface  to  the  horizon  tintil  the  one 
begins  to  slide  on  the  other:  this  point  determines  the  magnitude  of  their 
adlieHion  ;  but  in  order  to  find  that  of  their  frl(  tion  whin  tluy  are  iu  mo- 
tion, tliey  must  be  first  8ej)aratcd,  and  then  allowed  to  niove  on  each  other, 
while  the  whole  apparatus  is  gently  agitated.   The  frietion  will  then  be  to 
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the  pTessore,  as  the  height  of  the  iBcIined  plane  to  ite  horlioBtal  length, 
when  the  mclinaition  is  bueljr  each  as  to  allow  the  eontinuAnce  of  any 
motion  wUdi  is  impaited  to  the  snbstaace  placed  on  the  plane. 

It  follows  firam  the  doctrine  of  the  resolution  of  foroe,  that  when  any 
body  is  to  be  drawn  along  a  horisontal  surface,  whieh  produces  a  resistance 
jgopogUpnate  to  the  pressure,  a  part  of  the  force  may  be  advantageously 
employed  in  diminishing  tlip  pressure  produced  by  the  weight  of  the  bo<ly  ; 
henc*,  in  order  for  the  most  advantiiffeou.s  iH)j)licatioii  of  the  force,  its  di- 
rection mu&t  i->e  inclined  to  the  iiorixon,  and  it  may  be  demonstrated  tiiai 
the  inclination  mm>t  be  the  same  with  thatuf  u  ])iane  on  which  tlie  relative 
weight  of  the  body  is  precisely  equal  to  the  friction.  Thus,  if  we  can  de- 
tenniiie  the  inctinailion  of  >  road  whiofa  is  barely  suffident  f»r  a  caniage  to 
descend  on  it  by  ilc  own  weighty  {h^ssme  inclination  will  be  the  best  poe- 
aiUelbr  the  application  of  any  force  by  wliich  the  cacxiage  is  to  be  drawn 
along  a  horizontal  road  of  the  same  maidialB. 

It  is  obvious  that  an  inclined  plane  on  whldi  a  weight  rests  by  means  of 
an  adhesion  proportionate  to  the  pressure,  can  never  be  forced  backwards 
by  any  incrca.HC  of  that  ])reRsure,  Hince  the  resistance  increases  in  the  same 
proportion,  and  continues  always  sutlicient  to  pi-event  the  relative  motion 
of  the  weight  and  the  inclined  iilane.  Two  such  planes,  ]>«t  toa:ether, 
would  constitute  a  wedge,  which  would  be  e(^ually  incapable  uf  giving 
way  to  a  pressore  applied  to  its  opposite  smfaoes^  each  of  ihem  possessing 
similar  properties  with  respect  to  friction.  Thm^  if  the  friction  or  adhe- 
sion were  exactly  one  eighth  of  the  preesore^  the  height  of  the  inclined 
plane  woold  be  one  dghth  of  its  length,  and  the  back  of  the  wedge  one 
Ibarth.  Such  a  wedge  would  therefore  possess  a  perfect  stability  with 
respect  to  any  forces  acting  on  its  Inclined  surfaces.  But  the  effects  of 
acntation,  and  the  miiuito  tremors  produced  by  percussion,  have  a  great 
tendency  to  'liTTiinish  the  force  of  adhesion,  by  interni])tin^  the  intimacy  of 
contiict :  anii  wiicrc  a  pia,  a  nail,  or  a  j^crew  is  reijuired  to  letain  its 
situation  with  hrmness,  the  inclination  of  the  suifuccb  mai)t  be  hiaaller 
than  the  angle  of  such  a  wedge  as  is  barely  capable  of  affording  a  sufficient 
resistance  in  iheory. 

It  BipifuaB,  thenfine^  that  the  force  of  lateni  adbesion»  acting  between 
two  1x)dies  in  contact,  is  of  great  importance  in  all  mechanical  arts ;  the 
firmness  of  architecture  and  of  carpentry  depends  in  great  measure  on  it. 
This  kind  of  resistance  being  equally  powerful,  when  tlie  force  is  applied 
in  the  direction  of  the  surface,  to  Avliatever  part  of  the  surface  it  may  tend, 
it  foil^'.v^  tliat  any  body  wliich  is  nubjected  to  friction  on  all  sides,  will 
retain  it-  situation  with  the  same  force  that  was  used  in  overcoming  the 
friction  in  order  to  bring  it  iuto  that  situation,  or  rather  with  a  greater 
force,  since  the  lateral  adhesion  is  generally  a  little  greater  than  the  fric- 
tion :  so  tiuifc  a  cylindrical  wire  cannot  be  irithdrawn  firom  a  perforation  in 
a  board,  by  any  direct  force  less  than  that  which  was  employed  in  intro- 
ducing it  i  and  this  Idnd  of  stability,  together  with  that  of  a  wedge  or  nail 
resisting  a  lateral  pressore^  constitutes  the  security  of  the  lighter  structures 
of  caipentiy,  while  those  of  arehiteeture  receive  a  great  part  of  their 
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finBuen  from  th«  Meomnktioii  cf  w«^bt,  wblcli  vakm  tt»  radtUukce  of 
their  lower  parte  to  any  lateral  motioii  almoft  inntpeiable. 
When  a  hard  hody  penetrates  aaottier,  or  when  a  anbetance  ie  gramid 

away  by  the  attrition  of  another,  the  force  which  opposes  the  motion,  is 
to  be  oonsiderod,  like  the  force  of  friction,  as  a  uniformly  retarding  fgvoew 
There  is  no  reason  for  imagining  the  stiffness  of  a  bar,  whether  lon^^r  or 
shorter,  tn  Hf]>end  on  the  velocity  of  the  body  that  bends  it,  nnt\  the  space 
throufjh  \\lii<  li  it  may  he  l)ent,  without  hreakiiifir,  i''  als  n  limited  only  by 
tlie  tuughnuiijj  of  the  materials.  In  tlie  saine  muuiier,  when  the  internal 
parts  of  a  solid  are  broken  and  duplaoed  by  the  penetration  of  anothar,  or 
Its  external  parts  abraded  by  its  attrition,  the  resistance  is  the  aanu^  whal- 
erer  the  Telodty  may  be^  and  the  space  described  by  the  body  before  its 
Tel(M»ty  is  deatroyed.  Is  always  proportional  to  the  square  of  that  velodty, 
or  to  the  energy  which  results  from  a  combination  of  the  proporliona  of 
the  ▼elocity  and  the  momentom. 


LacT.  XIII.— ADDITIONAL  AVTHOBITIBS. 

Passive  tirtngth. — Buffinger  on  the  Strength  of  Beams,  Comm.  Petr.  ir.  164. 
Mui^clicnbroek,  Syateme  de  Phyiiiqae,  par  Lafond,  Par.  1760.  Buffbn  on  the 
Strength  of  Timber,  Hist,  et  M^.  de  Paris,  1738,  p.  169,  H.  54  ;  1740,  p.  453  ; 
1741,  p.  292.  Duhamel  on  do.  ibid.  1742.  p.  31^5  ;  1768,  p.  534,  H.  29.  Jurin 
on  the  Elastic  Force  of  Springs,  Ph.  Tr.  1744,  p.  46.  Emerson's  Fluxions,  343, 
Mechanics,  4to,  1758.  Euler,  Nori  Com.  Petr.  1757.  Acta  Petr.  1758.  Belidor, 
Architecture  Hydraulioue,  I.  ii.  92.  Jo.  BernouUi  on  the  Extension  of  Threads, 
&C.  Hist,  et  M'<£m.  de  Berlin,  1766,  pp.  78,  108.  Coulomb  on  the  Force  of  Tor. 
lion.  Hist,  et  M6in.  de  Paris,  1784,  p.  229.  Ganthey  on  the  Strength  of  Stones, 
Rozier's  Journal,  iv.  402.  Dupiu  sur  la  Flexibiht^,  la  Force,  et  TKlasticit^  des 
Bois,  Joomal  de  I'Eoole  Poljtechnique,  x.  137.  Rennie,  Ph.  Tr.  1818.  Barlow 
on  tiie  Strength  of  Timber,  1824 ;  Iron,  1835.  Do.  do.  Seoond  Report,  1835. 
Tredgold  on  the  Strength  of  Iron,  Lond.  1824*  Hodgkiaiott's  MeBMin  of  the  lit. 
and  Ifhil.  Soc.  of  Manchester,  toIs.  iv.  and  ▼. 

.TWcfloii.— >Amontons  on  the  Resistance  of  Mach.  Hist,  et  M^.  1699,'  p.  206, 
H.  104  ;  1700,  p.  47  ;  1703,  H.  105  ;  1704,  pp.  173,  206.  Parent,  do.  ibid.  1700, 
H.  149;  1704.  S^nvpur  on  the  Friction  of  Ropes  coiled  round  a  Crlinder,  ibid. 
1703,  p.  305.  Vafii;n  >Ti,  do.  ibid.  1717,  p.  195,  H.68.  Euler  on  Riction,  Hist, 
et  Mem.  de  Berlin.  1748,  pp.  122,  133.  Nori  Com.  Petrop.vi.  233;  xx.  304  ,  327. 
Bernoulli,  ildd.  xiv.  i.  249.  Uedin,  Dissertatio  Physico-Mechanica  de  Frictione,  4to, 
Upsal,  1770.  Ximenes,  Teoria  e  Pratica  delle  Resistenze  de'  SoUdi  ne'  loro  Attriti, 
2  Tols.  4to,  Pisa,  1782.  Library  of  Useful  Knowledge,  Mechanics,  Third  Treatise* 
Morin,  NouveUes  Experiences  tor  le  Frottemant,  3  Tola.  ito*  Fsris,  1843.  The 
nsiiMt  and  best  aothozity. 
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ON  ARCHITECTURE  AND  CARPENTRY. 

Ths  tabjects  wUek  we  li*Te  ktely  ezaniiiKdy  axe  to  lie  considered  as 
preliminary  to  the  particular  departments  of  practical  mechanics.  The 
first  division  of  these  is  to  consist  of  such  as  are  employed  in  resisting 
forces  of  various  IchkIm,  hnt  they  mny  almost  all  be  rofermi,  without  in- 
convenienre,  t<>  tho  m  in  i  U  lu  a  N  of  architecture  and  carpentrv,  of  which 
the  principiii  lju.siness  is  to  n  sist  the  force  of  pjavitatiou.  Archit<»ctur0, 
iu  it8  most  exteiitiive  sense,  iiuiy  he  uiideribtood  o^i  comprehending  carpeu- 
try,  but  the  term  is  more  usually  applied  to  the  employment  of  those  ma- 
terials, which  an  only  leqnixed  to  resist  the  effisets  of  a  <nce  tending 
principally  to  prodnoe  compresrion,  while  the  materials  used  by  caipenters 
are  freqnaitly  subjected  to  the  operation  of  a  force  whidi  tends  to  esdend 
or  to  hend  them  :  the  works  of  architects  being  commonly  executed  in  stone 
or  brick,  and  those  of  carpenters  in  wood,  besidee  the  occasional  nes  of 
iron  and  other  metals,  in  both  case^. 

The  simplest  problem  in  mechaniral  arehitcrtnre  appears  to  He,  to  de- 
termine the  most  eligible  form  for  a  column,  llie  len^^th  and  weii:ht  I'oing 
supposed  to  be  given,  it  is  of  importance  to  investigate  the  fomi  wiiich 
affords  the  great^t  possible  strength ;  but  it  is  somewhat  difficult  to  ascer- 
tain the  precise  nature  and  direction  of  all  the  forces  whidi  are  to  be 
reeieted.  If  we  conader  the  eolnmn  as  a  beam  fixed  in  the  groond,  and 
impelled  by  a  transverse  foroe^  it  ought  to  be  much  tapered,  and  reduced 
almost  to  a  point  at  its  extremity ;  but  it  is  seldom  that  any  force  of  this 
kind  can  be  powerful  enough  to  do  more  than  overcome  the  weight  alone 
of  the  column,  and  it  is  only  necessary  to  re^rd  the  load  which  presses 
vertically  on  it ;  and  whether  we  cfmsidt  r  the  force  as  tending  to  bend  or 
U>  crush  it,  the  forms  ct^mmuiWy  employed  will  appear  to  be  sufficiently 
eligilile.  Lagrange  seems  to  have  been  misled  by  some  intricacies  of  ma- 
tiiematical  investigation,*  too  remote  from  physical  accuracy,  when  he 
cateolated  that  a  cylinder  was  the  strongest  form  for  rsristing  Hexnre ; 
that  form  approaches  in  reality  nrach  more  nearly  to  an  oblong  spheroid, 
of  which  the  ofotline  is  dliptieal.  Tiie  consideration  of  the  flexure  of  a 
eolnmn  is,  however,  of  little  practical  importance  in  architectnre,  for 
upon  a  rough  estimate  of  the  properties  of  the  materials  usually  employed, 
it  may  be  computed  that  a  column  of  stone  must  be  about  forty  times  as 
hiirh  a«  it  is  thick,  in  order  to  he  capable  of  being  bent  by  any  weight 
which  will  not  crush  it ;  although  a  l)ar  of  wood  or  of  iron  may  be  bent 
by  a  longitudinal  force,  if  its  length  exceed  about  twelve  times  its  thick- 
ness. The  force  may  therefore  be  considered  as  tending  only  to  crush  tlie 
eolnmn ;  and  sinoe  the  inforior  paits  must  support  the  weight  of  the 
superior  parte  in  addition  to  tiie  load  wliicb  presses  on  the  wliole  ecdumn, 
their  thiclniees  ought  be  somewliat  increased ;  and  it  appears  fimn  a  con- 

*  MtefttdoTeria,  v.  IL  123. 
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ddcmtum  of  Hit  din«tIo&  In  wbiek  the  fmtAm  Is  most  easily  effected, 
that  the  outline  ought  to  be  made  a  little  ooiiTex  eztomally,  and  more 
curred  above  than  bdow,  which  ie  the  usnal,  althongfa  not  the  onivenal 

piactice;  an  elliptic  arc  is  perhaps  the  meet  eligible  outline  or  a  ciure 
formed  by  bending  a  ruler  fixed  at  the  enmrait  of  the  column  ;  aometimes 
the  form  is  made  to  differ  little  from  a  cone,  but  .such  a  fiq:nre  is  very 
iuelegiint.  Tlie  diminution  of  the  thickness  amounts  in  jjeneral  to  about 
one  hixtli  or  one  seventh  of  the  whole,  and  sometimes  to  one  fourth, 
(inate  XI.  ir  ig.  149.) 

For  a  light  honae^  where  a  great  foree  of  wind  and  water  was  to  be 
renatedy  Smealon  choee  a  cure  with  its  ooncaTity  turned  outwards.*  If 
we  eslcttlated  what  would  be  the  best  form  for  a  wooden  pillar,  intended 
to  remain  always  immersed  in  the  water  to  a  coiain  depth,  we  should  find 
that  a  cone  or  pyramid  would  possess  the  greatest  posnble  strength  for 
supporting  the  motion  of  the  water ;  and  a  cone  more  acute  than  Uiis 
would  be  equally  capable  of  reasifetin^r  the  force  of  the  wind,  supposing?  it 
to  be  less  active  than  that  of  the  \\  ater  ;  the  part  below  tlie  water  might, 
therefore,  be  wideDt;d  as  to  become  a  purtiou  of  a  more  obtuse  cone,  the 
upper  part  rwnaining  mote  slender ;  and  the  greatest  agitation  of  the  eea 
being  near  its  sntfaee^  the  basu  of  the  pillar  might  be  a  little  oontxaeted, 
so  as  to  have  the  outBne  of  the  lower  part  a  little  eonvwc  outwardly  if  the 
depth  of  the  water  were  considerable.  But  in  the  case  of  a  building  of  stoni^ 
the  strength  often  depends  as  inurh  nn  the  weight  of  the  materials  as 
on  their  cohesive  power :  and  the  hiteral  adhesion,  which  is  mat^'rially 
influenced  by  the  weight,  constitutes  a  very  important  j»art  of  the  Btrength. 
For  reJ^istin!^  a  force  which  tends  to  overset  tiie  huildinir,  the  form  iu 
which  the  weight  gives  the  greatest  strength  is  tliat  of  a  conoid,  ur  a  solid 
of  wbidi  tlie  outline  is  a  parabola,  concave  towards  the  aaus :  and  for  pfo> 
curing,  by  means  of  the  weight,  a  lateral  adhesion  whioh  is  ereiywlievB 
propotttonal  to  the  foroe,  the  fonn  must  be  cyllndrioaL  So  that  in  a 
building  circumstanced  as  we  have  8up])osed  the  pillar  to  be,  there  ap- 
pears to  he  no  reason  for  making  either  portion  of  the  outline  taken  8epa> 
rately  convex  towards  the  axis,  althonc^h  the  auj,'ular  junction  of  the  two 
j)ortion8  of  cones  miijht  very  properly  he  rounded  off;  and  the  uj>per 
might  be  a  little  eiilartred  if  it  were  desiralde  to  reduce  tlie  thicknesj* 
of  the  walls.  But  die  Kddystuiie  light  huubti  is  completely  above  the  level  of 
the  ssa,  althoogh  In  stormy  weather  every  part  of  it  is  eixposed  to  the  aetlon 
of  the  waves,  the  water  being  sometimes  thrown  np  to  a  mueh  grealer  beiglit 
flian  that  of  the  light  house :  so  that  it  woay  be  oonadsred  as  expooed  to 
the  force  of  a  fluid  more  and  mots  powerful  as  it  is  nearer  to  tlie  fouuda-> 
tion  ;  and  in  this  point  of  view  its  fonn  differs  but  little  from  that  which 
the  most  accurate  theory  would  point  out ;  but  it  is  probably  a  little  weaker 
about  the  middle  of  its  height,  or  somewhat  lower,  than  in  any  other  part. 
(Plat*  XI.  Fig.  150.) 

A  wall  must  be  reduced  in  thickness  as  it  risett,  for  llie  same  reason  as  a 
.eolumn  Is  diminished ;  and  if  tlie  wall  is  a  paii  of  a  houss,  it  must  be 
reduced  in  a  still  greater  degree^  sinoe  the  kad,  whidi  is  to  be  supported  by 
•  On  theBddystone  ii^theasS,  M.  JUmd.  1791,  PI.  is. 
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it  at  difFerent  parts  of  ita  height,  is  usually  much  varied  hy  the  weight  of 
the  floors  and  of  the  oonteata  of  the  apartments.  But  sometimes  tlie 
obliquity  of  tii9  rarfiMw  of  the  waD  may  beeoma  inconvmient,  by  promoting 
the  growth  of  moee  tad  weeds.  Ib  bniMiiig  m  wall,  tlie  fint  preeanlion 
that  ia  teqiured,  ie  to  dig  deep  enoogh  to  aaoeriMn  the  nataie  of  the  groa^ 
tiie  mat,  to  lay  a  aaJBeiently  exttnsiTe  and  flim  fvondation  ;  and  it  haa 
been  very  property  recommended  that  when  a  well  b  wanted,  it  ahould  be 
dni,'  before  the  foundatiouF  of  the  house  are  laid,  in  order  to  examine  the 
qu.-ilities  of  the  different  strata  wliirh  are  to  sn|'p'>rt  them.  The  disposition 
of  the  atones  or  bricks,  is  not  ii  matter  of  indirterencc  ;  the  stren^fth  is  obvi- 
ou'^Iy  Greatest  when  all  the  sni  faceH  are  eitlier  horizontal  or  vortical  ;  for  if 
they  are  oblii^ue,  they  mu»t  have  a  tendency  to  slide  away  lat^'niUy,  and  the 
wall  moat  be  veiy  liable  to  etack  :  hence  the  reticulated  walls,  sometiiiMa 
employed  liy  the  aiideiitB»  of  which  all  the  johita  were  oblique,  poeeeaaed 
but  little  durability.  If  the  materiala  are  ihxown  together  without  o«der» 
tiiey  press  on  the  parte  in  eontact  with  them ;  bat  oceaaionally,  aa  in  the 
caae  of  piers  or  quays,  thia  ciremnatance  may  be  of  some  adYantage  in 
opposing  external  pressure  ;  or  at  least  the  effect  of  such  a  prwanre  may 
remove  ihp  inconvenience  which  would  oiherwiaeariee  from  the  inq;alari^ 

of  tho  stnietiire. 

Ill  soiue  caiics  it  is  necessary  to  unite  the  stK^nes  of  a  hiiiUling  niechani- 
caiiy,  cither  by  cramps  of  iron,  fixed  by  means  ol  mtluHl  Uiid,  or  by  otlier 
methods,  similar  to  those  wliicb  are  more  usually  employed  in  carpentry. 
Mr.  Smeslon  waa  obliged  to  fix  the  stones  of  his  light  house  fo  fte  loek  and 
lo  each  other,  by  dovetail  joints,  and  to  connect  each  horiaontnl  tier  with 
the  tier  below  it,  by  pine  of  wood  paasing  thfongh  the  atones,  with  wedgea 
driven  in  at  each  end,  to  make  them  expand,  and  tie  the  stones  fast 
together*  Bnt,  in  general,  it  is  sufficient  to  employ  mortar,  made  of  lime 
or  terras  and  snnd,  of  which  the  utility  depends  principally  on  the  firmness 
and  cohesive  '^trpiiirth  that  it  acq  ti  ires  in  f.ti^cijnenre  of  its  chemical  pro- 
perties. SoHictimeb  tlie  whole  structure  is  cuniposed  of  a  mass  which  is  at 
first  soft,  but  hardens  as  it  dries  ;  in  this  manner  nun!  walls  are  built ;  and 
the  materials  called  pis^  are  of  a  similar  nature.    (Plate  XI.  Fig.  151.) 

Hie  waU  or  column,  when  imised,  must  in  gmeial  help  to  support  a 
single  lintd  or  beam,  an  arch,  a  dome,  or  a  roof  of  carpentry.  The  strength 
of  the  lintel  depends  more  on  the  nature  of  the  snbstanoe  than  on  any  art 
employed  In  forming  it,  excepting  <he  precaution  to  give  it  as  much  depth 
as  is  convenient,  e8|>ecially  towards  the  middle,  if  the  dq>th  be  anywhere 
unequal ;  but  the  construction  of  an  arch  aflbrda  eonslderable  scope  for  the 
exertion  of  mechanical  science. 

The  sini]ilest  theory  of  the  arch,  8upj>'>rtin'_'  itself  in  equilibrium,  is  that 
of  Dr.  II  «  (k.c,^  the  ;;reatest  of  all  phiioM>|»hical  mechanics.  The  arcli, 
when  it  iuki  only  its  own  weight  to  bear,  may  l>e  considered  as  the  inversion 
of  a  chain  suspended  at  each  end  ;  for  the  chain  hangs  in  sudh  a  form  that 
the  weight  of  eadi  link  is  held  in  equilibrium  by  the  result  of  the  two  forces 
acting  at  its  extremities ;  and  these  forces  or  tensions  are  produced,  the  one 

*  Hoohe,  Pe  fbtentia  ttestitmiia,  1678,  p.  31.  SeeWslkr's  LUb  of  Hooke» 
ptefised  to  the  edition  of  his  posthanovs  Woriu,  Lend*        p.  21. 
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by  the  weight  of  the  portian  of  Hut  tiubk  bdow  tho  link,  tiie  othor  by  iiio 
avmo  wdght  increaaed  by  thai  of  43i«  link ;  both  of  tlum  aetiiig  originally 

in  a  vertical  direotlon.  Now  aapposing  the  chain  inverted,  so  as  to  consti- 
tute an  arch  of  the  same  form  and  weight,  the  relative  situations  of  all  the 
lines,  indicatiTiir  the  directions  of  the  forces,  will  remain  the  same,  the 
forces  acting  only  in  contrarj''  directions,  so  that  they  are  compounded  in  a 
siimlar  manner,  and  balance  each  other  on  the  same  conditions,  l>ui  w  ith 
this  difference,  that  the  equilibrium  of  the  chain  ia  stable,  and  that  of  the 
arbh  tottering*  Tliia  proi>erty  of  tiie  equilibrium  venden  an  aoeiuate 
experimental  proof  of  the  propoeilion  lomewhat  difiiealt ;  but  it  may  be 
ihown  that  a  aUgfat  degree  of  frietion  b  enffieient  for  retaining  in  eqnili^ 
hrium  an  arch  fonned  by  the  inveirioo  of  a  chain  of  beads.  The  figure  is 
called  a  catenaria,  when  the  links  are  supposed  to  be  infinitely  small,  and 
the  curvatnre  is  p^reatest  at  the  middle  of  the  chain.*  It  is  not  at  all 
necessary  to  the  experiment  that  the  links  of  the  chain  be  eqnal ;  the  mme 
method  may  applied  t«  the  determination  of  tlie  form  requisite  for  an 
equilibrium,  whatever  may  be  the  length  or  weight  of  the  constituent  parts 
oftheairofa;  and  when  the  arohia  to  be  loaded  vnequally  in  diffisrent  partly 
we  may  introdnee  thia  ciicumstance  into  the  experiment^  by  auepeading 
proportioaal  weighta  ttom  difi«reni  parts  of  the  cbi^n.  Thus  we  may 
employ  wires  or  other  chuns  to  represent  the  pressure^  and  adjusting  them 
by  degrees,  till  their  extremities  hang  in  a  given  line,  we  may  find  the  form 
which  will  best  support  the  weight  of  the  materials,  the  upper  surface  or 
extrados  of  the  arch  beinj^  rejiresented  by  tlie  same  line  in  an  inverted 
position,  while  tlie  original  chain  shows  the  form  of  the  intrados,  or  of  the 
curve  required  fur  the  arch  stones  themselves.  In  common  cases,  tlie  form 
thna  detMrmined  will  difibr  litfle  from  a  oircnlar  arc,  of  the  extent  of  about 
one  tlurd  of  a  whole  circU^  rising  from  the  abutments  with  an  inclinatloB 
of  SOP  to  the  ▼ertieal  Bne,  and  it  nerer  acquires  *  direction  mndi  mors 
nearly  perpendicular  to  the  horiaon.  It  usually  becomes  more  cur\  <l  at 
some  distance  below  the  summit^  and  then  agahi  lees  curred.  (Plate  XI. 
Fig.  m.-  l.-^i.) 

But  the  KU{)posilion  of  an  arch  resisting  a  weight  which  acts  only  in  a 
vertical  direction,  xa  by  no  means  perfectly  applicable  to  cases  which 
generally  occur  in  practice.  The  prensure  of  loose  stones  and  earth, 
moistened  as  thtgr frequently  are  by  rain,  is  exerted  Yory  nearlyin  thesame 
manner  as  the  pressure  of  fluids,  which  act  equally  in  all  directioaa:  and 
even  if  they  were  united  into  a  mass,  they  would  oonstitnte  a  hind  of 
wedge,  and  would  thus  produce  a  pressure  of  a  rimilar  nature,  notwith- 
standing  the  precaution  reoommende<l  by  some  authors,  of  making  the 
surfaces  of  the  arch  stones  vertical  and  horizontal  only.  This  precaution 
is,  however,  in  all  respects  unnccessar}',  because  the  effect  which  it  is 
intended  to  obviate,  is  productive  of  no  inconvenience,  except  that  of 

*  For  its  properties  sec  D.  Gregory,  Ph.  Tr.  xix.  637,  andxxi.  419.  Ckiraut 
on  Catenarise,  Mwrellnnea,  Berolin,  1743,  vii.  270.  Krafft,  Novi  Com.  Petroji.  v. 
145.  Contezzani,  Com.  Bon.  vi.  O.  265.  l^i'c;eiidrf ,  Mrni.  dc  Paris.  178f»,  p.  20. 
Finn.  N.  A.  Pet.  1794,  xii.  145.  The  elementary  works  of  PoiMon,  Traite  de  Me> 
cmique,  and  WbemU's  and  Esmshaw's  Meobsaies. 
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extreising  the  lUD  of  tiie  sroUtect.  The  cflcet  of  mich  a  preuaie  only 
nqnirai  s  greater  eumAare  near  the  ahntmentB,  ledndng  the  fonn  nearly 
to  that  of  an  el]ipHii»  and  allowing  the  areh  to  riee  at  fiiei  in  a  vertical 

direction. 

A  bridge  must  also  he  so  calculate*!  as  to  support  itself  with  ntt  btinc;  in 
(ian^;cr  of  falling  l)y  the  defect  of  the  lateriil  udlieiiion  of  its  parts,  jiuii  in 
order  that  it  may  in  this  respect  be  of  equal  strength  throughout,  itn  depth 
at  each  point  must  be  proportional  to  the  weight  of  tlie  parUi  beyond  it. 
Thia  praperty  belongs  to  the  cnnre  denominated  logaiitlunie,  the  length 
comi^nding  to  the  logarithm  of  the  depth.  If  the  etrength  were  af- 
Awded  by  the  arch  stones  imly,  this  condition  might  be  fuIfiUed  by  giving 
them  the  requisite  thickness,  independently  of  the  general  form  of  the  arch; 
but  the  whole  of  the  materials  employed  in  the  construction  of  the  bridj??, 
must  be  considered  as  adding  to  the  strength,  and  the  magnitude  of  the 
adhesion  as  depending  in  great  Uieasure  on  the  general  outline. 

We  must  examine  in  the  next  place  what  in  the  most  advantageou8  form 
for  supporting  any  weight  which  may  occasionally  be  placed  on  the  bridge, 
in  particular  at  its  weakest  part,  wUch  is  usually  the  middle.  Snppoeing 
the  depth  at  the  sommit  of  the  arcii  and  at  the  abutments  to  be  giren,  it 
may  be  reduced  consideiably  in  the  intermediate  parts,  without  impairing 
the  strength,  and  the  outline  may  be  composed  of  parabolic  arcs,  haWng 
tiieir  convexity  tume<l  towards  each  other.  Tliis  remark  also  would  l>e 
nnlv  applicjiMe  to  the  arcfi  ^tonpM,  if  they  nfforded  the  whole  strength  of 
the  i)ridge,  imt  it  must  b«  extended  in  some  measure  to  the  whole  of  tlie 
materiala  foriuiug  it. 

If  therefore  we  combine  together  the  curve  best  calculated  for  resisting 
the  piesmre  of  a  fluid,  which  is  nearly  ellii)tical,  the  logarithmic,  and  the 
parabolic  curres^  allowing  to  each  its  due  proporUon  of  inflnenci^  we  may 
fstimate^  from  the  comparison,  wluch  is  the  Attest  f<mn  for  an  aroh  in- 
tended to  support  a  road.  And  in  general,  whether  the  road  be  horixontal 
or  a  little  inclined,  we  may  infer  that  an  dlipris,  not  differing  mtich  from 
a  circle,  is  the  be!=«t  calculated  to  comply  as  much  aa  possihle  with  all  the 
conditions.    (Plate  XI.  Fig.  15n.) 

The  tier  of  bricks  cut  obliquely,  which  is  usually  placed  over  a  window 
or  a  door,  is  a  real  arch,  but  &o  tiat  as  to  allow  the  appart^nt  outline  to  be 
iMrivontal.  Mr.  Coulomb  observes,  that  the  greatest  etrength  is  obtained 
by  causing  all  the  j<»nts  to  tend  to  a  single  point:*  but  little  dependence 
can  be  plaoed  on  so  flat  an  arch,  since  it  produces  a  tateial  thrust  which 
may  easily  orerpower  the  resistance  of  the  walL  For  the  horizontal  force 
required  to  support  each  end  of  any  arch,  is  equal  to  the  we^|[fat  of  a 
quantity  of  the  materials  which  are  supported  by  its  summit,  supposed  to 
be  contin\ied,  of  their  actual  depth,  to  the  length  of  a  semidinmeter  of  the 
circle  of  which  the  summit  of  the  arch  i^  a  portion.  This  simple  calcu- 
lation will  enable  an  architect  to  avoid  such  accidents,  as  have  too  often 
happened  to  bridges  for  want  of  sufficient  firmness  in  the  abutments.  The 
equflibrium  of  a  bridge  so  as  it  depends  only  on  the  form  of  the  arch, 
is  aatonlly  tottering,  and  the  smallest  foroe  which  is  capable  of  deranging 
*  IMorie  dee  MsddMS  Simples,  4to,  1821,  p.  S&S(reprM)* 
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it  may  completely  destroy  the  f^tructure;  but  wlien  the  stoues  or  Mocks 
composing  it  have  flat  miifaces  in  contact  with  each  other,  it  is  nece.ssjiry 
that  the  line  expressing  the  directiou  of  tiie  pressure  be  m  much  diKturbeti, 
as  to  exceed  at  wnne  part  the  limits  of  these  soifaces,  before  the  blocks  can 
be  displaced.  When  this  enrve^  indicating  the  general  pressiure  which 
TCsnlts  Irotn  the  cffiMt  of  a  disturbing  foRM^  eomblned  with  the  original 
thmsty  becomes  more  mnote  hum  the  centre  of  the  blocks  than  one  sixth 
of  their  depth,  the  joints  will  begin  to  open  on  the  convex  side,  but  the 
arch  may  still  stand,  while  the  enrrc  remains  within  the  limits  of  the 
blocks. 

It  is  desirable  that  the  pinrs  of  bridges  should  be  so  firm,  as  to  he 
able  not  only  to  support  tlie  weight  of  half  of  each  adjoining  arch,  but  also 
to  Kustain,  in  case  of  the  faihire  of  one  of  those  arches,  the  horizontal 
thrust  of  tlie  other ;  and  the  same  condition  is  ubviouhly  uecesiiary  for  the 
stabiUty  of  walls  of  any  kind  whicdi  support  an  archsd  or  vialted  roo^ 
whewfar  thers  is  no  opportunity  of  assisting  the  strength  by  ties  or  chama 
of  any  kind.  There  are  two  ways  in  which  neh  a  piu'  or  wall  may  give 
way :  it  may  either  be  overset,  or  caased  to  slide  away  horiaontally ;  but 
nnce  the  friction  or  adhesion  whudi  reosts  the  horizontal  motion  is  usually 
greater  than  one  tliird  of  the  pressure,  it  seldom  happens  that  the  whole 
thrust  of  the  arch  is  so  oblique  as  not  t<>  produce  a  sufficient  vertical  pres- 
sure for  securing  the  stabiUty  in  thia  reaped  ;  and  it  is  onlv  necefs.'*Hr\-  to 
make  tlie  pier  heavy  cnoup^h  to  resist  the  force  which  tends  to  o\er.Hi  t  it. 
It  is  not,  however,  the  weight  of  tlie  pier  only,  but  tliat  of  the  half  of  the 
arch  which  rests  on  it,  that  lesista  any  effort  to  overset  and  in  order  that 
the  pier  may  stand,  the  sum  of  these  weights,  acting  on  the  end  of  a  lever 
eqnal  to  haU  the  thidcness  of  the  pier,  must  be  more  than  equivalflnt  to  the 
horiz«ital  thrust,  acting  on  the  whole  height  of  the  pier.  The  pfermay 
also  be  simply  considered  as  forming  a  emanation  of  the  arch,  and  the 
stdHlity  will  he  preserved  as  long  as  the  eaxrt,  indicating  the  direction  of 
the  pressure,  remains  within  its  substance*. 

The  arches  of  Black  Friars  bridge  are  of  an  oval  form,  composed  of  cir- 
cular arcs,  and  difFering  ])ut  little  from  ellipses  ;  the  arch  stones  are  s«i 
large  that  the  pressure  iu  any  directiou  might  be  very  greatly  increased 
without  causing  tlie  general  result  to  exceed  the  limits  of  their  magnitude, 
or  eren  to  approach  very  near  to  thur  snr&oee.  (Flats  XIL  Fig.  156.) 

The  construction  of  a  dome  is  less  difficult  than  that  of  an  areh»  since 
the  tsndenciy  of  each  part  to  fall  is  eounteracted,  not  only  by  the  pressnrs 
of  the  parts  above  and  below,  but  also  by  the  resistanoe  those  which  are 
situated  on  each  side.  A  dome  may  therefore  he  erected  without  any 
temporary  support  like  the  centre  which  is  re<|uired  for  the  construction 
of  an  arch,  and  it  may  at  last  be  left  oj)en  at  the  summit,  -^vithout  standing 
in  need  of  a  keystone,  since  the  prcssuie  of  the  lower  parts  is  sufficiently 
resisted,  by  the  collateral  parts  of  the  same  horizontal  tier,  to  prevent  the 
possibility  of  their  faUing  in,  or  of  their  forcing  out  the  upper  parts.  The 
weight  of  the  dome  may  however  force  out  Its  lower  partem  if  it  rises  in  a 
direction  too  nearly  Tertical;  and  supposiiig  its  form  spherics],  and  iti 
thickness  equable,  it  will  require  to  be  confined  by  a  hoop  or  chain  as  soon 
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M  the  tpcn  Uecomes  eleven  fourteenths  of  the  whole  diamafter.  But  if  tiM 
thickness  of  the  dome  be  diminiahad  as  it  rises,  it  will  not  require  to  be 
bound  so  hiL^h  :  thnn,  if  the  increase  of  thickness  in  descending  begin  at 
alxHit  .'M>  tle;;rees  from  the  puinmit,  and  be  continued  until,  at  about  00 
degrei  tie  dome  becomes  a  little  more  than  twice  as  thick  as  at  first,  tlie 
equiUliiuiui  will  he  so  far  secure;  and  at  this  distance  it  wouKl  l)e  jjropiir 
to  employ  eitlier  a  chain  or  some  exterual  pressure,  to  preserve  the  sta- 
bility, sinoo  the  weight  iteelf  would  lequiie  te  be  ineieMed  witiuHtt  Uma, 
if  it  weie  the  <mly  wNime  ol  pieemue  on  tiie  lower  parta.  (Plate  XII» 
Kg.  W7.) 

The  dome  of  St.  Paul'a  eathediil  ia  elliptieBly  and  ta  bnilt  of  wood,  and 
confined  fay  airang  chains,  consisting  of  iron  ben;  that  of  the  Pantheon  at 
Rome  is  naailj  circular,  and  its  lower  part*  are  so  much  thicker  tb^  ita 

upper  parts,  as  to  afford  efficient  resistance  to  their  pressure :  they  are 
Buj)portvd  l»y  walls  of  f^reat  thickness,  and  furnished  with  many  j>rojection8 
which  aui^wer  the  purpose  of  abutments  and  buttress^  (Plate  Xil.  Fig. 
158, 169.) 

A  knowledge  of  the  parts  and  proportions  usaally  assigned  to  cdamna 
and  to  boildings  in  general,  and  of  their  technioal  nanue  and  diviaiona» 
bdonga  rather  to  the  aubjeet  of  ornamental  than  tothat  of  naefui  arehitectnie ; 
and  the  eonnderaUon  of  t^mmetfy  and  deganee  ia  in  gr^t  meaanre  foidgn 

to  that  of  tiie  mechanical  properties  of  bodies,  which  it  is  onr  present 
business  to  investigate.  The  fire  ordaia  id  ancient  architecture  are  found 
to  differ  consiilcraldy  in  their  proportion)*,  in  the  different  remains  of 
Greek  and  Roman  edifices  ;  hut  there  always  remain  some  cluiracteristic 
distinctions  :  the  Tuscan  is  known  by  its  strength  and  Rimplirity,  without 
any  peculiar  ornament  ;  the  Doric  hy  it«  triglyphs,  or  triangular  grooves, 
above  each  column,  imagined  to  repreHeut  the  ends  of  beams  ;  the  Ionic  by 
the  laige  volntee,  and  the  Corinthlatt  by  the  folii^,  respectively  enrdop- 
Ing  their  eapitala ;  and  the  Compoaite  nsnally  by  tlie  combination  of  both 
theae  diatBctera ;  eadi  order  baing  l%hter  than  the  praoading,  and  being 
eometimes  employed  with  it  in  the  upper  parts  of  the  same  building.  In 
gOMXal,  the  Imgth  <  ^f  the  Tuscan  column,  with  its  capital,  is  equal  to  about 
seven  diameters  of  the  base,  that  of  the  Doric  eisrht,  of  the  Ionic  nine, 
and  of  the  Corinthian  and  Composite  ten  diameters.  (Plate  XIL  Fig. 
100.. .104.) 

The  Gothic  architects  appear  to  have  been  superior  to  the  Greeks  in  the 
mechanical  arrangement  of  the  parts  of  their  edificen,  so  as  to  produce  the 
moat  advantagaone  efi^  in  preaerving  the  geoatal  eqnilibrinm.  They 
made  eveiy  eaaential  member  of  tiieir  buildiage  a  emiatitnent  part  of  their 
ayatem  of  ornament,  and  even  thoae  embalfiahmente,  which,  by  a  anper- 
fieial  observer,  might  be  deemed  useless  or  prejudicial,  are  frequently  cal- 
culated, either  by  their  strength  or  by  their  weighty  to  aerve  some  bene- 
ficl.il  purpose<«.  The  pointed  ardi  is  not  in  all  cases  w^ell  calculated  for 
equilibrium,  hut  whenitJias  a  jtillar  restinu^  on  its  summit,  it  is  exceedingly 
strong.  The  most  celebrated  of  modern  architects  have  sometime-;  het  n 
less  successful  than  thone  of  the  liiiddie  aires  ;  and  for  want  of  pa\  inu:  suf- 
ficient attention  to  meclianical  principles,  have  committed  such  ern^irH  in 
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their  attempts  to  procure  an  equiliLiium,  as  have  heen  followed  by  the 
most  mischievous  conseqiu'iu-es.  Examples  of  this  ?ni;:ht  l)e  jioiuted  out  in 
the  bridges  of  our  own  country  and  the  churtjit  >  f  others  ;  luit  if  we  are 
masters  of  the  true  theory  of  pressure,  we  t»liaii  be  able  to  avoid  similar 
errors,  without  examining  the  particuhir  circumstanoee  which  have  oc- 
euioiMd  tlMM  acddenta.  (Plato  XII«  Fig.  166t) 

The  principlM  of  equilibriiun,  whidh  are  employed  in  aidiitectiixe^  an 
equally  applicable  to  many  caeca  in  carpentiy ;  and  where  the  work  ia 
prindpally  calculated  to  withstand  a  thrust,  there  is  little  difference  in 
the  operation  of  the  forces  concerned  ;  but  where  a  tie  is  introduced,  that 
is,  a  piece  which  resists  principally  by  its  rohetiive  strenjifth,  the  jmrt.s  often 
require  to  be  arranged  in  a  ditt'erent  manner.  The  tr^^neral  print  iple,  that 
three  forces,  in  order  to  retain  each  other  in  et^uiiihnum,  must  be  propor- 
tional to  the  sides  of  a  triangle  corresponding  to  their  directions,  is  suf- 
fident  for  detannlnbg  the  diatrilmtion  of  preaaofe  in  almoat  all  caeee  that 
can  occur.  The  condiuicos  which  have  been  drawn  from  this  prineiplf^ 
and  from  other  abnilar  eonnderations^  reipectmg  the  strength  of  materiale^ 
will  also  be  of  great  nse  in  directing  us  how  to  determine  the  best  forma  for 
beams,  rafters,  and  timbers  of  all  kinds,  and  how  to  arrange  and  eomiect 
them  in  the  hest  manner  with  each  other. 

The  enij  irMut  lit  of  the  cohe^ivo  btrenerth  of  materialB  in  car}>cntry  in- 
troduces a  tiilhculty  which  scarcely  exista  iu  architecture.  Two  blocks, 
placed  on  each  other,  resist  the  force  of  a  weight  comprei>i»ing  them,  as  ef* 
fectaaUy  as  if  they  formed  but  one  piece :  but  they  have  no  sensible  oohe- 
lion  to  enable  them  to  withstand  a  force  tending  to  separate  thsm,  and  if 
they  are  reqnired  to  co-operato  by  tbdr  ooheriTC  strength,  eome  mode  of 
uniting  them  must  be  found.  For  this  purpose,  it  is  generally  necessary  to 
sacrifice  a  considerable  portion  of  tlie  strength  of  the  materials  employed. 
The  raofst  nsnal  mode  is  to  place  the  ends  of  the  ]ueoo-i  «iide  hy  side,  first 
rcdui-in^  their  dimensions,  where  a  refjular  outline  in  required  ;  and  to 
procure  a  firm  adhesion  between  tlicm  by  uieaus*  of  external  pres.su  re,  or  to 
employ  the  natural  adhesion  of  some  parts  which  are  made  to  project  be- 
yond the  rest  in  each  piece,  and  reeeiTe  in  their  interstices  the  conmpond* 
ing  projectloDa  of  the  other  piece. 

Where  the  adhesion  is  produced  by  external  pressure  only,  it  b  of  ad- 
vantage to  subdiTide  the  joints  into  a  coudderable  number  of  parts,  as  is 
usually  done  in  the  ma'^ts  of  }<hij)s,  and  to  make  the  junction  of  any  two 
pieces,  following  each  other  in  th*'  name  line,  as  distant  as  possible  from 
aiiv  otlier  junction  ;  for  in  thin  manner,  the  loss  of  birenfitii  may  be  di- 
minuihed  ahnust  without  limit,  provided  that  the  distance  between  the 
joints  be  great  enough  to  afford  a  firm  adhesion  to  each  part.  The  junctum 
may  also  be  formed  by  an  oblique  line ;  Imt  the  obliquity  must  be  so  great 
thai  any  lateral  preesnre  may  increaae  the  stability  of  the  wedge,  the  Isogth 
being  in  a  greater  proportion  to  tlie  dqith  than  the  pressure  to  the  adhesion 
that  it  occasions  ;  and  the  pieces  must  be  pressed  togeUwr  TCiy  forcibly  by 
means  of  hoo]>«  < >r  b^dts.    (Plate  XIH.  Fig.  166.. .168.) 

Where  the  natural  n  1hf  "-i  m  of  nonie  projecting  parts  in  each  piece  is  em- 
ployed, the  projections  must  be  sufficiently  long  to  secure  their  strength, 
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and  thty  moat  be  as  little  pnwoiiMiit  m  possible,  partly  because  ihe  eon- 
tigitovia  piaea  nniat  be  excaTated  for  thdr  reception,  and  partly  because 
their  strength  is  diminished  when  they  project  more  than  one  sixth  of  their 
length.  A  beam  united  to  another  in  tlds  manner  is  said  to  be  scarfed, 
(Plate  XIII.  Fig.  160.) 

In  order  to  preserve  the  strength  of  a  oonqpoond  beun,  intended  to  re- 
sist a  transverse  action  in  a  particular  direction,  it  is  necessary  to  avoid,  as 
much  as  posnilde,  reducing  the  depth  of  the  beam  in  that  direction,  and  to 
secure  the  union  with  the  greatest  care  on  the  convex  side  of  the  beam, 
which  is  stretched  by  the  operation  of  the  force.  Where  no  inconveiiicnco 
can  resolt  Irom  the  projection  of  a  piece  on  one  aide,  it  is  easy  to  preserve 
the  strength  unimpaired,  by  splicing  or  fiihii^^  it  on  the  convex  ride ;  and 
if  the  depth  of  tiia  piece  added  be  only  half  as  gnat  aa  that  of  the  original 
beam,  the  strength  will  be  aomaiHiat  ineraaaed  hy  the  operatioa,  supposing 
the  two  ends  to  meet  each  other  without  any  aoimeetion*  Such  pieces  re- 
quire, however,  to  be  firmly  united,  either  by  pins  passing  through  them* 
or  by  blocks  or  joggles  let  in  to  a  certain  depth,  in  order  to  prevent  their 
sliding  on  eacli  other  ;  and  this  mode  of  union  is  stronger  than  scarfing 
them,  l)ecau3e  it  does  not  diminish  the  depth.  (PUte  Xlll.  Fig.  170, 171.) 

Where  the  pieces  to  be  connected  together  are  in  different  directions,  the 
end  of  one  of  them  is  uauaiiy  reduced  in  its  size,  and  becomes  a  tenon, 
while  a  nutttiae  is  cut  in  the  other  for  its  reception,  and  the  joint  is  also 
often  seeniwistiU  more  firmly  by  a  strap  of  iron;  H  a  joist  be  let  into  a 
beam,  at  its  upper  edge^  and  made  veiy  tight  by  wedges^  the  strength  of 
the  beam  will  not  be  materially  dbniniahed ;  but  the  Tietadtadaa  of  mois- 
ture and  dryness  may  very  much  impair  the  firmness  of  the  union,  and 
the  end  of  the  joist  may  fail  in  dry  weather  to  afibrd  sufficient  resistance 
to  the  flexTire  of  the  beam :  so  that  in  some  cases  it  might  be  more  ad- 
visable to  cut  the  mortise  near  the  middle  of  the  depth  of  the  beam.  If 
two  pieces  meet  obliquely,  and  one  of  them  exert.s  a  thrust  against  the 
other,  the  sunplest  mode  of  opposing  this  tlirust  is  to  bind  them  toge- 
ther by  a  etr^  of  iron  fixed  to  the  second  piece ;  thia  strap  renders  it 
impossible  for  tbe  first  to  advance  without  having  ito  extremity  cmabed ; 
it  is  ahtt  common  to  make  a  mortise  in  the  seeond  piece,  a  part  of  which 
serves  so  an  abntment  for  the  fimt ;  and  for  this  purpose  the  piece  must  be 
continued  Ur  enough  beyond  the  abntment  to  give  the  pngectisn  snffideut 
force  of  adhesion,  a  condition  which  Is  the  more  easily  fulfilled  when  the 
action  of  \ho  strap  produces  a  pressure  on  it»  The  assistance  of  a  strap 
is  still  more  iudispensal>Ie  where  the  ynecos  are  perpendicular  to  each  other, 
and  the  force  tends  to  draw  one  of  them  away  from  the  other  ;  in  this  case 
the  mortise  may  be  made  a  little  wider  at  tbe  reTiu  tt  i  j  art.  and  the  end  of 
the  tenon  may  be  made  to  lit  it  by  dri  ving  iu  \veilge»,  iu  the  HHine  manner 
ae  Hr*  Smeaton  united  his  blocks  of  stone  ;  but  a  large  mortise  would 
weaken  the  beam  toomnch,  and  a  strong  strap  or  hoop  isusnally  required 
fivr  additional  security.  Such  a  ttr^  ought  alwaysto  be  as  stiaight  ae 
possible^  so  aa  to  act  only  hi  the  directum  of  the  fime  to  be  r«aistod :  it 
has  been  too  customary  to  accommodate  the  strap  to  the  fonn  of  the  beams,  or 
to  make  it  deviate  in  other  ways  from  a  right  line :  but  wherever  a  strap 
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is  bent  in  any  direction,  to  a  dlatanoe  from  a  ifg-ht  line  equal  only  to  ita 
depth  in  tliat  direction,  its  strength  is  so  reduced^  as  not  to  exceed  one 
wrendi  of  what  it  would  have  been  if  it  had  remained  etiaigiit*  (liale  XIII. 

Fiif.  172,..174.) 

It  is  eciually  necessary  in  .ill  other  case??  wliieh  occur  in  carpentry,  to 
avoid  JVM  nuich  as  possible  a  traiisN'crse  stnuT!,  tlie  disadvantage  of  whii-!i  is 
obvious  truin  tlif  i,'n'Ui  iufcriority  of  the  8trongth  of  any  substance,  re.sisting 
a  trauhverac  force,  to  iU  primitive  cohesive  or  repulsive  streugth.  For 
nmilar  reasons  it  is  proper  to  avoid  employing  a  very  open  angle  at  a  point 
where  a  load  is  supported,  the  great  obliquity  of  the  two  pieoes  forming  the 
angle  requiring  them  to  exieii  a  great  force  in  order  to  oppose  a  mueh 
smaller  one.  Allowance  must  also  be  made  for  tlie  eontraotion  of  the 
timber,  and  care  must  be  taken  that  it  do  not  so  alter  the  arrangement  of 
the  parts,  as  to  bring  a  disproportionate  strain  on  a  point  not  calculated  to 
support  it.  If  the  two  pieces  fonriiuLr  an  olituse  atiLrh^  consiste*!,  either 
wholly  or  partly,  of  woo<l  cut  across  the  grain,  and  tlio  piece  joining  their 
extremities  were  cut  in  the  usual  manner,  the  obh<|ue  pieces  would  contract 
considerably  more  as  they  became  drier,  and  tlie  angle  would  become  more 
obtuse,  ao  that  the  strain,  produced  by  a  given  weight,  would  be  greater 
than  in  the  original  state  of  the  trian^^.  Sometimes  the  work  k  liable  to 
be  deranged  by  the  operation  of  a  lateral  force,  which  may  have  appeared 
too  trifling  to  produce  any  considerable  effect,  but  which  may  still  destroy 
Uie  greater  part  of  the  strengtli,  by  causing  the  redstances  to  deviate  from 
the  plane  of  the  forces  which  they  are  intended  to  oppose. 

The  framini,^  uf  a  roof  is  one  of  the  mmt  common  and  most  important 
suhjettw  for  the  employment  uf  the  tlieury  of  carpentry.  If  the  rafters 
were  simply  to  abut  on  the  walla,  they  wouhl  force  them  outwards  ;  a  tie 
beam  is  therefore  necessiiry,  to  counteract  tihe  thrust  In  order  to  enable 
the  tie  beam  to  support  a  weight,  a  king  post  is  sn^ended  from  tiie  rafters ; 
and  frequentiy  braces  are  again  erected  from  the  bottom  of  the  king  post^ 
to  support  the  middle  of  the  rafters.  Sometimes  a  flat  or  lees  indine^l 
portion  is  placed  in  the  middle,  forming  a  kirb  or  mansard  roof,  somewhat 
resemblinti'  an  areh  ;  this  form  has  the  ailvantacre,  when  it  is  properly  propor- 
tioned, of  lessening  the  transverse  .strain  on  the  rafters  by  makiii.r  them 
shorter;  but  this  pur|>o»e  is  aubwered  C'lnally  well  l)y  tlie  addition  of  the 
braces  wliich  have  been  already  mentioned.  A  kirb  roof  affords,  however,  a 
greater  space  witlun,  than  a  plain  roof  of  the  same  lieight,  and  producesalso 
somewhat  lees  strain  on  the  tie  beam  or  on  the  abutments :  the  tie  beam  may 
be  suspended  from  it  by  a  king  post  and  two  queen  posts,  descending  pwpen^ 
dieularly  from  the  joints ;  and  the  place  of  the  king  post  may  ho  supjdied 
by  a  cross  beam  uniting  the  heads  of  the  queen  posts  and  kee]iing  them  at 
a  proper  distance  ;  this  beam  may  also  be  suspended  by  !i  shorter  kins^ 
post  from  the  sumrnit.  Such  a  roof  appears  to  be  mure  advantageous 
than  it  has  been  eoniuioiily  supposed.    (Plate  XI  FT.  Fig.  I7o...l77.) 

The  angle  of  inclination  of  a  roof  to  the  horizon  usually  varies  in 
different  climates :  in  Italy  the  height  is  generally  less  tlmn  one  fourth  of 
the  breadth ;  in  England  it  was  formerly  three  fourths,  but  it  now  com- 
monly approachca  much  more  to  the  Italian  proportion.  In  northern 
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climates,  a  steep  roof  in  required  on  account  of  falls  of  snow,  which 
gwsftljr  inemae  Am  latenl  thrust  of  the  nfters ;  for  the  hoEisontal  force 
cacerttd  hy  •  roof  b  always  proporUonal  to  the  length  of  a  line  perpendi- 
cnkr  to  the  rafter,  deeeending  from  ita  eztiemity  till  it  meets  another 
similar  line  drawn  from  the  oppodte  rafter ;  and  Uiie  perpendicular  is 
obviously  much  increased  when  the  roof  becomes  very  flat.  But  for  bear- 
ing the  transverse  strain  which  toiuls  to  hicak  the  rnfti  r>»  themselves,  a  low 
roof  is  stronjrer  thnn  a  high  one,  supposintf  the  uumljcr  of  braces  and 
queen  posts  equal  on  both  ;  for  if  we  have  to  support  a  given  weight  by  a 
beam  or  rafter,  whether  it  be  placed  iu  the  middle,  or  equally  divided 
lltto^gliout  the  length,  we  neither  gant  nor  lose  iovoe  by  leagth«ning 
the  heam  and  raising  it  higher,  while  the  horiaontal  span  continaes  the 
same^  since  the  obliquity  lessens  the  efiect  of  the  weight  preciwly  in  the 
same  ratio  that  tlie  length  of  tiift  iMam  diminishes  it^  strength;  bnt  by 
lengthening  the  beam  we  also  add  to  the  wei^^lit  whicli  is  to  be  supported, 
and  wc  thus  fliniinish  the  strent^th  of  the  ro<ff.  It  must  be  observed,  in 
calculittin*/  the  strcngtii  of  a  rafter,  that  the  sli^-ht  flexure  produced  by 
the  traii.sverne  stiiiin,  has  a  material  eft'ect  it)  liniinishintr  its  strencfth  in 
resisting  a  longitudinal  force;  and  this  diminutioa  inutil  l)e  dctermiued 
aeeording  to  the  principles  that  have  been  laid  down  respecting  the  equillr 
Imnm  of  elastic  sdbetanees. 

Wooden  bridges,  and  the  temporaxy  centres  on  which  archea  of  stone 
are  supported  during  their  construction,  depend  nearly  on  the  same  prin- 
dples  as  roofs :  the  external  parts  usoally  support  a  thrust,  and  the 
internal  act  as  ties  ;  but  the  abutments  are  generally  capable  of  withstand- 
in;?  a  horizontal  thrust  without  inconvenience,  so  that  by  their  a«isistanoe 
the  strain  on  the  ties  is  considerably  diminished.  (Ireat  strength  may 
also  be  obtained,  where  it  is  practicable  to  support  each  part  of  the  centre 
by  two  beams,  in  the  direction  of  chords,  bearing  immediately  on  the  abut- 
ments. (Plate  XIV.  Fig.  178»  179.) 

The  Tarious  articles  of  household  fiamitore  belong  to  subordinate 
brandieo  of  caipentiy,  but  their  form  is  in  general  mm  aooommodated  to 
couTenience  and  elegance  than  to  strength  and  durability.  Yet,  even  iu 
making  a  chair,  there  is  room  for  error  and  for  improvement ;  the  same 
principles  that  direct  us  in  framing  a  roof  are  capable  of  application  here  ; 
but  if  they  were  implicit ly  folUiwed,  tliey  Wi)uld  lead  us  to  the  employ- 
ment of  liars  crossing  eaeh  other  in  an  inelec^ant  manner.  Doors,  gates, 
lockb,  and  hingeh,  arc  citiicr  pailn  of  the  carpenter's  employment^  or 
appendages  to  his  works;  and  it  is  posdble  that,  by  attentive  consideia- 
taon,  improvonants  might  be  made  in  all  of  them.  Mr.  Parker  has  de- 
voted much  time  and  labour  to  Uie  subject  of  gates,  with  their  hinges  and 
fastenings,  and  has  presented  to  the  Royal  Institution  a  vexy  Usefttl  COl" 
lection  of  model%  which  show  the  result  of  his  investigations.* 

*  Parker  on  GaU^,  Loud.  1801,  Rep.  of  Arts,  ii.  li.  50. 
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Lbgx.  XIV.— AX>DlT10NAIi  AUTHORITIES. 

Architecture. — Perrault'^  VitruTius,  fol.  Par.  1G73.  Newton's  2  toU.  fol. 
1772.  Uall'f  Enay,  4to,  1813.  Hickman's  Gothic  Architecture,  1825.  Willb 
on  fhe  Arddteetara  of flie  Middle  Ages,  Onnb.  1835.  Britton'i  Dietiofiuyof  Ardii- 
tectare,  1830>8.    Hojw's  Essay,  2  vols.  1835.    Pugiii's  various  works. 

StrtrngMt  form*  of  Columm  and  WaU§, — Euler  on  the  i^tren^h  of  Colomilt, 
Hitt.  et  M^.  de  Berlin,  1757,  p.  252.  Acta  Petr.  H.  I.  121.  116.  163.  Belidor, 
Architecture  Hydraulique,  ii.  I.  420.  Coulomb,  Mem.  de«  Savans  Etmngeni,  vii. 
Th^rie  dea  Mach.  Simples,  1821.  Prony  snr  la  Pouaa^  doi  Xwrea»  4to,  Far, 
1802.    Prony  sur  lea  Mora  de  Revetement,  4to,  1802. 

Praedeat  ArcMteeture.—llimddet,  L'Artde  B&tir,3  vols.  4to.  Par.  1804.  Bor- 
gnis,  Traiti'  Elem^^iitnire  de  Construction  ajipUqut^'  h  r.\rchitcrtiirL  Civile,  -Ito,  P,ir. 
1823.  Chambers's  Civil  Architecture,  by  Gwilt.  '2  vols.  lH2a.  Bullet,  Nouvelle 
Architecture  Pratique,  par  Jay,  2  vols.  1825.  Navier  sur  I'Application  de  la 
caniqui- n  I'Ktr^hlisscment  dcs  Constructions,  Sec.  1833.  Hoakmg  on  Arrhitpcture 
and  Building,  from  Eucyc.  Brit.  4to,  1835.  Nicholaon's  Principles  and  FracUce  of 
AnUteuliiraf  3  Tids.  1836. 

Carpentry  in  general. — Fum  on  the  Strains  of  Framed  Carpentry,  Acta  Petr. 
1778,  ii.  I.  194.  Encydop^ie  Methodique,  Arts  et  Metiers,  art.  Ckarpentier. 
Robison's  Medi.  Phil.  Tredgold's  Prinaples  of  Carpentry,  1820.  MidMdflaB't 
Mechanic's  Compnninn,  1824.    Cnrpmtcr's  Guide,  4to,  1828. 

Arcketf  Dome;  and  lirtdget. — Lahire  on  Arches,  &c.  Uiti.  et  M^.  d«  Pazk, 
1702,  p.  94,  H.  119  { 1712,  p.  69,  H.  74.  Coaplet  <m  thft  Tlinut  of  Ardwt,  do. 
1729,  p.  70  ;  H.  75  ;  1730,  p.  117,  H.  107.  Labelye  on  WestmUiiter  T>n  1739. 
Enter  on  the  Strength  of  a  Model,  Not.  Com.  Petr.  zx.  271.  Belidor,  Arch. 
Hydr.  iL  II.  415.  Gavtfaey,  Constmetioii  dw  Ponla.  PeitNUWt  nr  la  PooIb  do 
Ncuilly,  d'Orleans.  Sic.  fol.  1782-8.  Bc'rard,  Th<Sorie  de  I'Equilibrc  des  VoOtes. 
4to,  Par.  1810.  Wiebekings'  Wasserbaukunst,  1812.  Ware,  Tracto  on  VaulU  and 
Bridges,  1822.  Barrtt,  Noovoni  Systime  del  Bonis  i  Gnndei  BorCte,  4to,  Pkria, 
1827.  Navier,  Mrnioires  sur  les  Ponts  SuspendOi*  4t0,  Fur.  BAIdOT,  SoiMew  4m 
Ing^iieurs,  4to,  Paris,  1830.  (Navier's  £d.) 

Tlie  eladettt  it  pavtieiilarly  referred  to  Robison's  Mechanical  Philosophy,  vol.  L 
p.S69toUioeoa,  Ibr  deldle  on  the  mlijeele  discoHed  In  tlib  Leetare. 


LECTURE  XV. 


ON  MACUINEEY. 

HATtira  takon  «  genenlTiow  of  thoee  Invnohei  of  pnolical  meehaiiieft 
in  wiiich  foroee  ate  to  be  Torieted,  we  are  next  to  conaider  the  roodifications 
of  forces  ami  of  motions  ;  and  in  the  fir^t  phce,  the  modes  of  applying 
Ibices,  of  changing  their  direction  and  intensity,  and  <»f  communicating 
them  to  different  part.H  of  our  machines  by  tlie  intprvfTitinn  of  rods,  jointn, 
cranks,  wheehvork,  ropes,  or  other  flexihle  mibstances  ;  in  the  second  place, 
the  structure  of  these  suhstRnces,  and  the  methods  l»y  which  the  nnion  of 
flexible  fibres  in  general  may  he  effected  ;  and  in  the  third  place,  the  regu- 
lation and  equalisation  of  motion,  by  means  of  doclcs  and  watehei. 

Tlw  niodia  of  applying  meehankal  fbfoee  are  almost  as  yarioiui  aa  the 
maehiaes  that  are  comstarticted  and  the  purpoeee  for  which  they  are  em- 
ployed :  but  in  general,  the  strength  of  men  is  applied  hj  means  of  lems 
or  windusb  or  liy  walking  wheeiawhidi  slid*  beneath  tfaem  as  theyatlempt 


Digitized  by  Google 


OK  MAGHINERY. 


to  MOtnd ;  a&d  that  of  otiier  animals,  by  a  horinwlil  aim  projecting  from 
a  Tortieal  axis  to  wlucli  fhey  are  ItameMed,  and  aometiniet  abo  by  caiuing 
them  to  walk  on  or  in  a  moroable  wheel.  Many  of  l2ieie  arrangements 

may  however  be  my  conveniently  considered  as  bebnging  to  the  particular 
objects  fur  which  each  machine  is  constructed,  especially  to  the  modes  of 

raising  weights  by  cranes,  and  of  grinding  snbstnnccs  by  mills. 

When  motion  is  simply  communicated  to  a  substance  place<l  l>efori'  the 
moving  l>o<ly,  such  iniiterials  must  be  employed  as  are  capahle  of  cxerling 
a  repubiive  force  or  a  thrust ;  and  these  are  generally  of  the  same  kind  as 
ave  aometimes  eoneemed  In  ^e  operations  of  architecture,  bat  more  eoin* 
monly  in  those  of  eai^ntry,  partiealarly  metal  and  wood.  Bat  when  Uie 
body  to  be  mored  is  behind  the  moving  power,  and  b  polled  along  by  it^ 
ehains  or  ropes  are  sometimes  more  convenient.  In  the  anion  of  wood  for 
moveable  machinery,  it  is  generally  advisable  to  avoid  emplo^ng  pins  or 
bolt.s  of  metal  ;  fur  these,  by  their  superior  weight  and  hardness^  sometimea 
injure  tlie  wood  in  contact  with  them,  and  bei  om*'  loose, 

When  the  direction  of  the  motion  couimuuicaied  is  ubo  h>  lie  changed, 
levers  or  cranks  may  be  employed,  united  liy  joints  or  hinges  of  various 
kinds.  Sometimes  a  long  series  of  connected  rods  is  suspended  by  other 
rods  or  diains,  so  as  to  oonyey  the  effieet  of  the  fovse  to  a  oonsidenble  dis- 
tance ;  in  this  case  the  motion  is  generally  alternate^  when,  for  example^ 
pumps  are  worked  by  means  of  a  waterwheel  at  a  distanoe  from  the  shaft 
in  wlkidi  the  pumps  are  placed.  In  this  airaQgementy  there  is  no  necevaij 
loss  on  account  of  the  alternation  of  the  motion  of  the  rods ;  for  if  they  are 
suspended  at  equal  distances*  from  a  number  of  fixed  points,  they  will  move 
backwards  and  forwards  in  the  manner  of  a  single  pendulum ;  but  the 
magnitude  of  the  friction  is  the  principal  inconvenience  produre<l  by  the 
weight  of  the  series.  Where  a  lever  is  employed  for  changing  tlie  direction 
of  a  great  force,  ite  sttength  may  be  increased  by  the  addition  of  a  fnmt 
projecting  in  the  direction  of  its  depth;  and  if  the  lever  is  bent,  a  croes 
piece  uniting  its  arms  is  stall  more  rsqnisite^  (Plate  XIV.  Fig.  180...182.) 

For  the  communication  of  a  rotatory  motion,  Dr.  Hooke's  onirersal  joint* 
is  sometimes  of  use,  especially  when  the  inclination  is  not  required  to 
be  materially  changed  ;  but  if  the  obliquity  is  great,  the  rotation  is  not 
communicated  eciunhly  to  the  new  axis  at  all  pr)int.s  of  its  revolution.  This 
joint  is  formed  hy  a  cross,  making  the  diameters  of  two  semicircles,  one  of 
which  is  fixed  at  tlie  end  of  each  axis.   (Plate  XI Y.  Fig.  183.) 

Tile  best  mode  of  oonneeting  a  rotatory  motion  with  an  alternate  one 
ii,  in  all  common  cases,  to  employ  a  crank,  acting  on  one  end  of  a  loogrod 
ividdi  has  a  joint  at  the  other.  If  the  rotatory  motion  cf  the  crank  be 
equable^  the  progressive  motion  of  the  rod  wiU  be  gradnally  acoekrated  and 
retarded,  and  for  a  considerable  part  of  the  revo]ui(Mi  the  force  exerted  will 
be  nearly  uniform  :  but  if  we  attempted  to  communicate  at  once  to  the  rod 
its  whole  velocity  in  eacli  direction,  as  has  sometimes  Iteen  done  1)V  inclined 
planes,  or  by  wheelwork,  the  motion  would  become  extremely  irre^lar, 

*  liouke,  Animadversions  on  Uevclius'  Machioa  Coelestis,  p.  73.  4to,  Lond.  1674  ; 
and  aOeaer^pUonof  Hoiiesoepei  and  other  lastnunents,  ito*  Load,  1676,  p.  14. 
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and  the  mMhiiwiy  wouM  be  deafenyed  by  the  stnin.  (Plate  XIV. 
Fig.  184.) 

On  the  other  hand  it  rnuet  be  olwerved  that  the  foroe  applied  to  a  ma- 
duiie  majf  in  j^cneral,  be  divided  Into  two  portions  ;  tlie  one  employed  In 
opposing  anotlior  force,  so  as  to  produce  equilibrium  only,  the  other  in 
gt'iierating  momentum.  With  respect  to  the  first  portion,  a  pinijle  crank 
huH  the  inconvenience  t)f  clmnL^ini;  continually  tlip  ni«'chauical  aiivantag«j of 
the  machine;  with  respect  to  tlie  secfunl,.  its  motion  in  the  second  quarter 
of  ita  revolution  is  acc^lei-HttHi,  instead  of  In-ing  retarded,  hy  Uie  inertia 
which  this  portion  of  the  force  is  intended  to  overoome :  and  from  a  com* 
bination  of  both  theee  caiuee»  the  motion  matt  necessarily  be  rendered  very 
ixfegnlar.  They  may,  however,  be  eompletely  removed,  by  employing  alwaye 
cranks  in  pairs,  one  of  them  being  fixed  so  as  to  make  a  right  angle  with 
the  other,  which  is  also  the  best  position  for  two  winches  to  be  turned  by  two 
labourers ;  since  the  point  of  the  circle,  in  which  a  m:vii  vnn  exert  his 
greatest  strengtli,  is  nearly  at  the  distance  of  a  right  angle,  or  a  little  more^ 
from  the  point  at  which  his  force  in  Binalle«t, 

An  alternate  motion  may  be  cummuuicated  to  a  rod,  »u  ilmi  the  force 
may  be  either  nnlfbnnly  exerted,  or  varied  according  to  any  given  law,  by 
means  of  an  inclined  mr&ce  formed  into  a  proper  corve^  and  acting  on  a 
fitiction  whedl  fixed  to  the  rod ;  and  a  nngle  plane  snrfaoe,  placed  ob- 
Uqndy,  would  answer  sufficiently  well  for  this  pnrpoee.  But  in  sndl 
cases,  as  well  as  when  a  crank  is  used,  it  is  necessary  to  employ  other 
mean<i  for  supporting:  the  rod  in  its  proper  situation  ;  this  may  either  he 
done  by  additional  friction  w  lieels,  or  in  a  more  eleL,'unt  manner,  liy  such  an 
arrangement  of  jointtni  rods  as  will  cause  tiie  cxtrcmitv  of  una  of  them  to 
move  in  a  curve  which  does  not  »eusiUy  differ  from  a  rigliL  line.  If  we  fix 
two  pins  in  a  beam,  bo  as  to  connect  to  it  two  equal  rods,  of  whidi  the 
eztiemities  are  joined  by  a  third,  and  the  end  of  this  third  rod  wlueh  ia 
nearest  to  the  cnitre  of  the  beam  be  connected  to  a  second  beam  of  a  proper 
lengUi,  the  opporite  end  of  the  rod  mil  initially  describe  a  right  line ;  and 
for  this  purpose  the  length  of  the  second  beam  must  be  to  the  distance  of 
the  nearest  pin  from  the  centre  as  that  distance- is  to  the  distance  of  the 
pins  from  each  other.  The  same  effect  may  also  be  profluced  by  meaua  of 
a  frame,  made  of  two  pieces,  each  a  yard  long,  united  by  joints  to  each 
other,  and  to  two  other  pieces  of  a  foot  each  ;  one  of  the  first  pieces  ht'ing 
fixed,  if  the  shoi-tcr  piece  opposite  to  it  be  produced  to  the  length  of  four 
feet»  its  estTMnity  w[ll  move  at  lint  in  a  right  line*  The  proportions  of 
the  rods  may  also  be  made  more  coi&venient  than  thcse^  and  othera  may  be 
added  to  them.  If  li  be  requked,  which  may  make  a  line  move  so  as  to 
remain  always  in  puntim  directions.   (Plate  XIV.  Fig.  185. ..108.) 

But  of  all  the  modes  of  communicating  motion,  the  most  extensively 
useful  is  the  employment  of  wheeUvork,  which  is  capable  of  vaiying  ita 
direction  and  its  velocity  without  any  limit. 

Wheelis  arc  i>i»metimes  turned  by  simple  contact  with  each  other  ;  some- 
times hy  the  intervention  of  cord^  straps,  or  cliains,  passing  over  them ; 
and  in  these  cases  the  minate  protuberanoes  of  the  suriacee^  or  whatevmr 
else  may  be  the  cause  of  friction,  prevents  their  sUdiog  on  eadi  other. 
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Wlicn  a  hntA  strap tbiib  oh  a  wlud,  it  la  ubuhIIv  c  onfined  to  its  situation, 
not  by  cminp  the  margin  of  the  wheel  to  project,  but,  on  the  contrary, 
bymftkin^  the  middk  prominent:  the  reafon  of  this  may  bo  nn.lvisto,.<i 
by  examining  the  manner  in  which  a  ti^ht  strap  runuiiii:  on  a  con*-  woui.i 
tend  to  run  towards  it-^  tliickost  part.  SometimuN  also,  pins  arc  lixed  m 
tlie  wheels,  and  adniiLiea  into  ptTforatioua  in  the  strapa ;  a  modo  only 
practicai>le  where  the  motion  is  slow  ami  steatly.  A  smooth  motion  may 
ako  be  obtaiiied,  with  eoBflidenble  force,  by  fonning  tho  taxfaees  of  the 
whodshitobnuliMof  hahr.  (F&te  XV.  Fig.  180.) 

Hon  oommonly,  howetmv  the  droomfereneeB  of  the  contiguous  wheels 
tfo  fonnad  into  teeth,  inqiemng  each  other,  as  with  the  extremiti^  H  of  so 
many  ]0v«%  either  exactly  or  neaiiy  in  the  common  direction  of  the  cir- 
eumfereuces ;  and  sometimes  an  endless  screw  h  suhhtitntea  for  one  of  the 
wheels.  In  fc.rmin^r  the  tectli  of  wheels,  it  is  of  cou^tfiuence  to  duter- 
mine  the  curvature  which  will  procure  an  e<iuahle  communication  of 
motion,  with  the  least  possible  friction.  For  the  e(|uable  oommunieataon 
of  motion,  two  methodb  have  been  recommended  ;  one,  that  the  lower  part 
of  the  fiuse  ef  each  tooth  ehould  be  a  etiwght  line  in  the  diteoiion  of  ttie 
tadina^  and  the  npper  a  portion  of  an  efiicyeloid,  that  is,  of  acur%e  do- 
scribed  by  a  point  of  a  circle  rolling  on  the  wheel,  of  which  the  diameter 
rnnat  be  half  that  of  the  opposite  wheel ;  and  in  this  case  it  is  demonstrable 
fliat  the  plane  surface  of  each  tooth  will  act  on  the  curv  ed  surface  of  tlie 
opposite  t^)oth  ho  as  to  produce  an  equable  aniTtilnr  motion  in  both  wheeh  : 
the  other  method  is,  to  fonn  all  the  surfaces  into  portiuus*  uf  the  mvoUitee 
of  circles,  or  the  curves  described  l.y  a  point  of  a  thread  which  haa  been 
wound  round  the  wheel,  while  it  is  uncoileil ;  and  this  method  appeaia  to 
answer  the  purpose  iu  an  easier  and  simpler  mannw  than  the  former. 
It  nmy  be  experimentally  demonstrated  that  an  eqnnble  motion  ispro- 
dnoed  by  the  action  of  these  cunrse  on  each  other :  if  we  cut  two  boa.rda 
into  fismsterminaled  by  them,  divide  the  surfaces  by  lines  into  equal  or 
proportional  angnhur  portions,  and  fix  them  on  any  two  centres,  we  shall 
find  that  aa  tbiy  revolve,  whatever  parts  of  the  surfaces  may  be  in 
contact,  the  corresponding  lines  will  always  meet  each  other.  (I'lat^  XV. 
Fi?.  UK)...  1«)2.) 

Botli  of  tliose  methods  mav  be  derived  from  the  general^ prmciple  that 
tlie  teeth  of  the  one  wheel  nmst  be  of  such  a  form  that  their  ontline  may 
be  described  by  the  rerohition  of  a  cnfvo  npon  a  given  cirole*  wUle  the 
oiitlineof  the  teeth  of  the  other  wheel  is  described  by  the  same  curve 
lerolving  within  a  seoond  drde.  It  haa  been  supposed  by  some  of  tho 
best  authors  that  the  cpicycloidal  tooth  has  also  the  advantage  of  com- 
pletely awidin?  friction  ;  this  is  however  by  no  means  true,  and  it  is 
even  impracticable  to  invent  any  form  for  the  teeth  of  a  wheel,  wiucii  wiU 
enable  them  to  act  <m  other  teeth  without  friction.  In  order  to  diminish 
it  a!i  much  as  possil>le,  the  teeth  must  be  as  small  and  as  numerous  as  IS 
consistent  with  strength  and  durability  ;  for  the  effect  of  firiction  always 
increases  with  the  distance  of  the  point  of  oontaot  firom  the  line  joinmg 

*  For  a  denioiwtwtion  of  these  propositioiis,  see  Airy  on  the  TecUi  of  WUwL, 
IVsns.  of  the  Camb.  Phil.  See.  11.  S79. 
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the  ccutres  of  the  wheels.  In  calculating  the  qiiftntity  of  the  friction, 
the  velocity  with  which  the  parts  slide  over  each  other  geuerally  been 
tok«n  for  ite  measore :  this  is  •  slight  inaoennqr  of  oonoeption,  for,  as 
w«  Iiave  almdy  seen,  tht  actual  jwaistance  is  not  at  all  ineraased  bj  in- 
creasing the  lelatiTc  Telodty ;  hnt  the  effiMst  of  that  reaistaiice  In  rstaiding 
the  motion  of  ths  wheels^  may  be  shown  from  the  ganeral  laws  of 
meehanici^  to  be  proportional  to  the  relative  velocity  thus  asceiiaineiL 
When  it  is  possible  to  make  one  wheel  act  on  teeth  fixed  in  the  concave 
surface  of  nnotlier,  the  friction  inay  l>c  fluis  diminished  in  the  proportion 
of  the  (liftcrence  of  the  diameters  to  their  sum.  If  the  face  of  the  teeth, 
where  they  are  in  contact,  is  too  much  inclined  to  the  radius,  their  mutual 
friction  is  not  much  affected,  hut  a  great  pressure  on  their  axes  is  pro- 
duced  ;  and  this  oceaaloas  astanin  on  ths  machinery,  as  veil  as  an  inereass 
of  the  frietion  on  the  axes. 

If  It  is  desired  to  produce  a  great  angnlsr  Telocity  with  the  smaHest  pos- 
sible qoantity  of  whedwork,  the  diameter  of  each  wheel  must  be  between 
three  and  four  times  as  great  as  that  of  the  pinion  on  which  it  acts.  Where 
the  y>inion  impels  the  wheel,  it  is  sometimes  made  with  three  or  four  teeth 
only,  hut  it  is  mwfh  better  m  general  to  liave  at  least  six  or  eight ;  and 
considering  the  ailiiiti-jiial  lahour  of  increasing  the  nuial»er  of  wheels,  it 
may  l>e  advisable  to  allot  more  teeth  to  each  uf  tlieni  than  the  number  re^ 
salting  from  the  ealculatioo ;  so  that  we  may  allow  30  or  4D  teetii  to  a 
'wheel  actingon  apiidonof  6  or  8.  hi  worika  whidi  do  not  require  >  great 
degree  of  strength,  the  wheels  haTS  sometimss  a  much  gtester  nvmber  of 
teeth  tiian  this  ;  and  on  the  other  hand,  an  endless  screw  or  a  spiral  acts  SS 
n  pinion  of  one  tooth,  since  it  propels  the  wheel  through  the  breadth  of  one 
tooth  only  in  each  revolution.  For  a  pinion  of  six  teeth,  it  would  l>e 
better  to  have  a  wheel  <»f  ,35  or  37  than  iMi  ;  for  each  tooth  of  tlie  wheel 
would  thus  act  in  iwm  upon  each  tooth  uf  the  pinion,  and  tiie  work  would 
be  H»ore  equally  \\orn  than  if  the  &a.me  teeth  continued  to  meet  in  each 
revolution.  The  teeth  of  the  pinion  should  also  be  somewhat  stronger  than 
those  of  the  wheel,  in  order  to  support  the  more  freqnent  leeunwnce  of 
friction.  It  has  been  proposed  for  the  coarser  kinds  of  wlieelwork,  to  di- 
vide the  distance  between  the  middle  points  of  two  a4johiing  teeth  into 
no  parts,  and  to  allot  16  to  the  tooth  of  the  pinion,  and  13  to  that  of  tlie 
wheel,  allowing  1  for  freedom  of  motion. 

The  whefl  and  pinion  may  either  be  situate  !  in  tin*  v.ime  plane,  both 
being  commonly  of  the  kind  denominated  sjiur  wheels,  ni  tkeir  planes  may 
form  an  angle  :  in  this  case  one  of  them  may  he  a  crown  ui  contrate  wheel, 
or  boUi  of  them  may  be  bev  illed,  the  tcetii  being  cut  obliquely.  According 
to  the  rdatiTC  magnitude  of  the  whesH  the  angle  of  tin  beril  must  be  dH^ 
ferent,  so  tlukt  the  velocities  of  the  wheels  may  be  in  the  ssme  proportion 
at  both  ends  of  their  oUique  faces:  for  this  purpoes  tlie  fines  of  all  the 
teeth  must  be  dirsctsd  to  the  point  where  tlie  axes  would  meet»  (Plate  XV. 
Fig.  1&3, 194.) 

In  cases  where  a  motion  not  quite  equable  is  required,  as  it  sometimes 
happens  in  tlie  <  onstnictinn  r»f  clocks,  but  more  frequently  in  orreries,  the 
wheels  may  cither  be  divided  u  little  \mequally,  or  the  axij»  may  be  placed 
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»  HtliB  cnt'of  thi  enttn ;  and  Onm  eoeanftrie  wbeds  may  lifhtr  iot  on 
ofther  Acentric  wheelf<,  or,  if  they  are  made  as  conlnto  whaeb^  upon  ft 
lengthfaaed  piakm.  (Plate  XV.  Fig.  195,  liM.) 

An  arrnnpeTnent  is  sometimes  made  for  Reparatinii*  wliecls  which  are  in- 
tended to  turn  each  other,  mth^  for  replacing  them  at  pleasure  :  tlie  wheels 
are  swd  to  be  thrown  by  lueM?  yj  i  ratioiis  out  of  geiir  uml  intu  gear  i'.L'ain. 

Wh«n  a  wheel  revolves  round  aimtlu  r.  and  is  ho  tixtni  an  to  n  iiuiiii 
nearly  in  a  parallel  direction,  and  to  cause  the  central  wheel  to  turn  n)und 
ita  axis,  the  apparatus  is  tisUsd  a*siin  and  ]danet  wlieeL  In  tbis  caae,  the 
drcumfsnnee  «f  tlie  oentnl  whed  mores  as  fiut  as  that  of  tiie  rerolTing 
wheel,  eaeh  point  of  which  describes  a  ciids  equal  in  diameter  to  the  dis- 
tance of  thscenticaof  tiietwowiicels:  consequently,  when  the  wheels  are 
equal,  the  central  wheel  makes  two  revolutions,  every  tiine  that  the  ex- 
terior wheel  travels  round  it.  If  the  central  wheel  be  fixe<i,  and  the  ex- 
terior wheel  he  cau?«ed  to  turn  on  its  own  centre  during  it8  re  vitiation,  by 
the  elfect  of  the  contact  of  the  tfctli,  it  will  make  in  every  revolution  one 
turn  more  with  re-spect  t«  the  sui  jxninding  ol»ject«,  tlian  it  would  make,  if 
its  centre  were  at  rest,  during  one  turn  of  tlie  wheel  which  is  fixed  :  and 
tliiu  circumstance  must  be  recollected  when  such  wheels  are  employed  in 
planetadnmts. 

•  WheeU  an  usually  nuule  of  wood,  of  iron,  either  cast  or  wiongfat>  of 
steel,  or  of  brass.  Theteethof  wheehi  of  metal  are  geoemny  cut  by  means 
of  a  machine ;  the  wheel  is  fixed  on  an  axis,  which  also  carries  a  plate  fur- 
nished with  a  variety  of  circles,  divided  into  different  numbers  of  equal 

parts,  marked  hy  nm&W  excavations  ;  these  are  brought  in  succession 
under  the  point  of  a  spring  which  holds  the  axis  firm,  while  the  intervals 
betwe<'n  the  tectli  are  expeditiouslv  cut  ont  bv  a  revolviiiir  saw  of  pt^l. 
The  tct'ili  are  aftervvarda  finished  hy  a  file  ;  and  a  machine  has  also  b^en 
invented  for  holding  and  working  the  file.    (Plate  XV.  Fig. 

It  is  frequently  nocesBsiy  in  machinery  to  protrsot  tho  tima  of  ap- 
plication of  a  giren  foree^  or  to  reserve  a  part  of  it  for  future  use.  This  is 
generally  ellected  by  sufloring  a  weight  to  descend,  which  has  been  previ- 
ously nused,  or  a  spring  to  unbend  Itself  from  a  state  of  forcible  flexure^  as 
is  «emplified  in  the  weights  and  sjji  ings  of  clocks  and  watches.  The  com- 
mon kitchen  jack  is  also  employed  for  protracting  and  equalising  the  ope- 
ration of  a  weight :  in  the  patent  jack  the  same  effect  is  produced  by  an 
aitcrii  it  '  Trtotjon,  the  axis  l>eiug  impillcd  hackwards  and  forwards,  as  ia 
clocks  and  ^satches,  by  means  of  an  escuju  incnt,  and  the  ])lace  of  a  balance 
spring  Wing  supplied  by  the  twisting  and  untwisting  of  a  cord. 

In  tium  machines,  as  wdl  as  in  many  others  of  greater  magnitude,  the 
fly  wheel  is  a  f«iy  important  part>  its  Telocity  l»eing  increased  by  the  ope- 
ration of  any  part  of  <he  force  which  happens  to  be  superfluous,  and  its  ro- 
tatory powar  serving  to  continue  tiie  motion  when  the  force  is  diminished 
or  withdrawn.  Thus,  when  a  man  turns  n  win  h,  he  can  exert  twice  as 
much  force  in  some  positions  as  in  others,  and  a  fiy  enables  him  in  some 
cases  to  do  nearly  one  third  more  work.  In  the  pile  engine  als-n,  witbont 
the  help  of  the  the  h(»r«cs  would  fall  for  want  nf  a  counterpoise,  a.s  soon 
as  the  weight  is  iii»engaged.   buch  a  fiy  ought  to  be  heavy,  and  its  motion 
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mui?t  nut  be  too  rapul,  other\vis<?  t]ie  resistance  of  the  air  will  destroy  too 
much  of  the  motion  ;  lait  in  the  1-itrht  n  j  u  k,  as  well  as  in  tho  «trikinj^ 
jnirt  of  a  clock,  where  tiie  Huperlluous  fttixt  i?.  purposely  destroye^i,  the  Hy 
is  made  light,  and  strikes  the  air  witli  a  bruad  surface.  An  effect  Bunilar 
to  that  of  a  tly  and  a  spring  in  sometimes  produced  in  hydraulic  machines 
hy  the  intiodaeiion  of  an  air  ▼etwl,  IIm  air  eontaSned  in  which  Is  oam- 
pveaeed  more  or  hm  aeoovding  to  the  intenrity  of  tho  foroe^  and  ezcrta  • 
mon  anifoim  pnesiire  in  expelling  the  flmd  which  is  fomsed  ivMgnlarljr 
into  it 
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ON  THE  UNION  OF  FLEXIBLE  nBRES. 

TiiK  strenirth  of  cordage,  and  of  other  suhst^^nces  which  are  employed  in 
the  coiniuunication  of  motion  where  flexilnlity  is  rei]iiired,  a."?  well  as  the 
utility  of  other  Hexihle  materiuLs  which  serve  fur  furniture  or  for  clothing, 
depends  priucipally  upon  the  lateral  udhesion  produced  by  twijiting,  or  by 
the  intermixture  of  fibres.  The  union  of  flexible  fibres,  therefore,  being 
frequently  eubeervient  to  the  oommunication  of  motion,  and  the  machinefy 
usually  employed  for  prodncing  it^  belonging  immediately  to  the  enbject 
of  flie  modification  of  motion^  we  may  with  propriety  eoneider  at  preBen1» 


Digitized  by  Google 


ON  THE  UNlUiN  OF  FLEXIBLE  FIBRES.  139 

as  far  ah  our  plan  will  allow  us,  those  important  branches  of  the  mecbanical 
arts,  of  wiiich  the  object  is  to  effect  a  union  of  this  kiml. 

When  a  diain  is  mndeof  wire,  each  link  is  separately  bent,  and  reniuin^ 
united  with  the  ueigiii>ouring  liuka  iu  virtue  of  its  rigidity:  but  the  hlires 
of  vegetable  and  of  animal  substances  must  be  united  by  other  meaus.  Fur 
ihis  purpose  we  hsve  recouiae  to  the  foroe  of  finctioiiy  or  rather  of  Uteral 
adhcMon,  end  the  fibres  are  eo  dieposed,  that  bendes  the  matual  preeenre 
which  their  own  eilastieity  cauwa  them  to  exert,  any  additional  foroe 
applied  in  the  diieelion  of  the  Ittigthof  tiie  ^g<^^'e;,^'ite,  tends  to  biixig  the 
parts  into  closer  contact,  and  to  augment  the  adhesion,  in  the  same  manner 
as  we  have  already  seen  that  a  wedge  and  a  screw  may  be  retained  in  tlieir 
situations.  The  simple  art  of  tying  a  knot,  and  the  more  complicated  pro- 
cetm&i  of  spinning,  ropemaking,  weaving,  and  felting,  derive  their  utility 
from  this  principle. 

When  a  line  is  coiletl  round  a  cylinder,  for  instance,  in  letting  down  a 
w^bt  by  meaDs  of  a  rope  which  dides  on  a  post,  or  on  such  a  grooved 
cylinder  as  Is  sometimes  employed  to  enable  a  person  to  lower  himself  from 
•  window  In  eases  of  fir^  Uie  pressure  on  the  whole  cirenmferenee  is  to  the 
weighty  as  twice  the.  eireimifevNiee  to  the  diameter ;  supposing,  for  ex- 
ampli^  that  the  friction  of  rope  on  metal  were  one  tenth  of  the  pre^»ure, 
Uien  a  single  coil  of  rope  round  a  cylinder  of  metal  would  support  about 
two  thirds  of  the  weight ;  or  if  the  weights  acting  on  the  different  ends  are 
different,  the  adhesion  may  be  a  little  greater  or  leiii»  than  in  thi.-s  proiiortion, 
according  to  the  manner  in  which  the  ro|>e  is  applied.  If  such  a  rope  made 
two  or  tliree  coiJs,  it  would  be  impobtiible  to  apply  a  force  sujQicient  to  cause 
it  to  slide  in  the  grooves. 

Fnm  conndeiing  the  dSfeet  of  a  force  which  b  coonteraeted  by  other 
foress  acting  obliquely,  we  may  nnderstand  both  the  effect  of  twisting,  in 
binding  the  parts  of  a  rope  together,  and  its  inconvenience^  in  cauBbg  the 
strength  of  the  fibres  to  act  with  a  mechanical  disadvantage.  The  greater 
the  obliquity  of  the  fibres,  the  greater  will  be  Uieir  adhesion,  but  the  greater 
also  will  be  their  immediate  tension,  in  consequence  of  the  actiun  of  a  given 
force  in  the  direction  of  the  roye  :  so  that  after  empUtyin^  sis  much  ob- 
liijiiity  and  as  much  tension,  as  is  sufficient  to  connect  the  lil)reg  firmly  in 
all  cuses  of  relaxation  and  of  iiexure,  and  to  pix'vent  iu  some  measure  the 
penetration  of  moisture,  all  that  is  superfluously  added  tends  to  overpower 
the  primitive  cohesion  of  the  fibrss  in  the  direction  of  theur  leogtfa.* 

j/hn  merfianism  of  simple  spinning  is  easOy  understood ;  care  is  tafceOy 
where  the  hand  is  empl<^ed,  to  intermix  the  fibres  sufficiently,  and  to 
engage  their  extremities  sa  much  as  possible  in  Uie  centre ;  for  it  is  obvious 
that  if  any  fibre  were  wholly  external  to  the  rest,  it  could  not  be  retained 
in  the  yam  ;  in  general,  however,  the  nrntt^nrds  are  ]»ri  viou8ly  in  such  a 
fftate  of  intermixture  as  to  render  tliis  precaution  unnecessary.  Where 
we  luive  a  number  of  single  continuous  fibres,  as  in  reeled  silk,  tliev  nro 
sufficiently  connected  by  twiating,  aud  we  have  no  need  of  spiiuiing.  iu 
both  cases  such  maciiinery  has  been  invented  for  perfonning  the  necessary 
operations^  as  is  both  honourable  and  lucrative  to  the  British  nation. 
*  SeeHoolw'BExpeiiaMntBoaCords8eBifdkiL393. 
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A  8ins»lc  thread  or  yam,  conHurting  of  fibres  twisted  tojjether,  has  a  ten- 
dency to  untwist  itself;  the  external  i)arts  are  tliu  inost  strained  in  the 
operation  and  at  first  shorten  the  tliread,  until  the  iiilenial  parts  have  ixo 
lonp;er  room  for  spreading  out  laterally,  as  they  must  necetisarily  do  when 
their  length  is  diminiwhed ;  tlia  daitioity  of  all  the  parts,  therefore,  resista, 
and  tenda  to  mUm  the  thrcad  to  ite  natiini  slate.  Bat  if  two  such 
thieads  are  letained  in  contaet  at  a  given  point  of  the  ciroomf ereaee  of 
eadi,  this  point  Is  rendered  stationary  by  the  oppoeiUoa  of  the  eqval  liofoee 
acting  in  eontnoy  direetiona,  and  beeomea  flie  centre^  round  which  botii 
threads  are  carried  by  the  remaining  forces,  so  that  they  continue  to  twi^t 
ronnd  each  other  tiU  the  new  combination  causes  a  tension  capable  of 
count'orV.alancinjj;  the  remaining  tension  of  the  original  threads.  Three, 
four,  or  inore  threads  may  be  united  nearly  in  the  same  manner  :  a  strand 
consisii)  of  a  considerable  number  of  yarns  thus  twisted  together,  generally 
from  eixteen  to  twenty  five,  a  hawner  of  three  etrands,  a  shroud  of  four, 
and  a  oable  of  three  haweeie  or  abronds.  Shrond  laid  cordage  baa  the  d^ 
advantage  ef  Iwlng  hollow  in  the  centre,  or  of  requiring  a  greater  diange  of 
form  in  the  stnnds  to  fill  up  the  vaenity,  and  in  undeigoing  thie  cbaqge^ 
tbe  cordage  Btoretcheft,  and  is  unequally  strained.  The  relative  position  and 
tbe'eomparative  tension  of  all  the  fibres  in  these  complicated  combinalioiia 
are  not  very  easily  determined  by  calculation  ;  but  it  is  found  by  expe- 
rience to  be  most  advantageouH  to  the  stretiirth  of  the  ro])es  to  twist  the 
strands,  win  i  tliey  are  to  be  compounded,  in  nuch  a  direction  as  to  untwist 
the  yarns  of  wliich  they  are  formed  ;  that  is,  to  increase  the  twist  of  the 
strands  tliemselves :  and  probably  the  greatest  strength  is  obtained  when 
the  ultimate  obliquity  of  the  oon^iaent  fibres  ia  the  leasl^  and  fhe  most 
equable.  This  advantage  is  obtained  in  a  considerable  degree  hy  Mr.  Hud- 
dart's*  method  of  adjusting  the  length  of  tiie  stmnd  to  its  position  in  the 
rope,  and  bis  registered  cordage  appears  to  derive  a  decided  supeitori^ 
from  this  arranLH  Tnent  of  the  strands.  A  veiy  atnmg  rope  may  also  be 
made  by  twisting  five  or  six  strands  roiTnd  a  peventh  as  an  axis ;  the  central 
stratid,  or  heart,  is  found  after  much  use  to  be  chafed  to  oakum  ;  it  should 
be  more  twist  I  than  the  rest,  in  order  to  allow  it  to  extend  a  little  ;  such 
Topes  are,  however,  unfit  for  running  rigging,  or  for  any  use  in  which  they 
Are  liable  to  be  frequently  bent. 

Ropes  are  most  commonly  made  of  hemp,  but  vmrioos  other  v^getaUes 
are  occasionally  employed ;  the  Chinese  even  use  woody  fibres^  and  the 
barks  of  trees  furnish  cordage  to  other  natioiis ;  we  have  indeed  in  this 
oonntry  an  example  of  the  use  of  the  bark  of  thB  lime  tree,  whiA  is 
eni[)loyed  for  garden  matting.  The  finest  hemp  is  imported  from  Riga  and 
St.  Petersburg.  The  male  and  female  flowers  of  hemp  are  on  different 
plants ;  the  male  plants  are  soonest  ripe,  and  require  to  be  first  pulled. 
They  are  prepared  for  dressing  by  being  exjiosed  to  the  air,  and  the  fibrous 
part  is  separated  froTu  the  dry  pulp  by  beating  and  hackling.  In  spinning 
the  yam,  the  hemp  is  fastened  round  the  waist  ;  the  wheel  is  turned  by  an 
assistant,  and  the  spinner,  walking  backwards,  di-aws  out  the  fibres  with 

*  Uuddart's  Patent  registered  Cordage,  Rep.  of  Arts,  xii.  80.  Remarks  on  d«. 
4to.  1800. 


Digitized  by  Google 


ON  THE  UmON  OF  FLEXIBLE  FIBRES.  Ul 

Mb  haiidt.  Whm  one  l<ii||lli  of  the  walk  hw  betti  tpnn,  it  is  immediately 
mied,  to  prmot  Hi  imtwisliiig.  Hie  miMjniwi  employed  ia  conliiniiqg 
the  proeesB  of  npemalmig  sre  of  simple  omutmetioii,  bat  both  ddll  end 
attention  aare  lequired  in  applying  them  so  as  to  produce  an  equable 
texture  in  every  part  of  the  rope.  The  tendency  of  two  strands  to  twie^  in 
conse(|iioncp  of  tli<^  tension  arisinff  from  the  original  twist  of  the  yams,  is 
uot  m]{]\r\v]d  to  pnanire  an  e<iuilibrium,  because  of  thf  fi-iction  and  ri-ri<l!ty 
to  Ik;  over<  r  me  ;  hence  it  is  necessary  to  employ  force  in  onler  to  a-^sist  tliia 
tendency^  and  the  strands  or  ropes  afterwards  retain  spontaneouHiy  the 
form  idiieh  has  thus  been  given  them :  the  largest  rop^  even  require 
exIenuJ  foree  in  Older  to  malm  tbem  twiet  aii  alL 

The  conekitaent  lopea  of  a  eommon  eaUe,  when  eepaiate,  an  itronger 
lhaaflie  eablo  In  the  piopoition  of  aboni4to3;  and  a  rope  woihod  np 
fifom  yane  180  yarda  in  length  to  135  yards,  has  been  foimd  to  be  sttiimger 
than  when  reduced  to  120  yards,  in  tlie  latio  of  6  to  6.  The  diffimmoo 
is  owing  partly  to  the  obliquity  of  the  fibres,  and  partly  to  the  unequal 
tension  produced  by  twistinc  Mr.  TTuddart*H  ropes  of  KHl  yarns  lose 
but  about  one  eighth  of  the  whole  streivj-th  of  the  yarns ;  and  his  experi- 
ments appear  to  show  that  similar  ropes  made  in  the  common  manner 
reUiiu  only  one  half  of  their  original  strength.  The  tarring  of  ropes, 
although  sometimes  necessary  for  their  preserration  from  decay,  is  found 
to  leaeen  their  abrength,  probably  beeanee  it  prodnoee  partial  adheeiona 
between  eome  of  the  fibree,  whieh  oanee  them  to  be  dispropoitiooally 
atrained.  A  rope  ia  also  aaid  to  be  weaker  whan  wet  than  when  dry^ 
perhaps  becau^^e  the  water  oiablee  the  fibres  to  slide  mote  readily  on 
each  other,  or  because  the  prc'^crice  of  water  ia  in  general  favourable  to 
separation  of  &ny  kind.  A  ^^ood  hempen  rope  will  support,  without 
danger,  one  fifth  as  many  tona  as  the  square  of  ita  circumference  oontaina 
inches.* 

Flax  is  weaker  than  hemp,  but  aot  extensively  useful.  Its  growth 
considerably  exhausts  the  strength  of  tlie  soil  which  produces  it ;  its 
euJttvaiion  ia  encouraged  in  thia  eoontiy  by  a  boonty  from  govemment* 
and  a  large  quantity  ia  aleo  imported  htm  the  north  of  Eoiope.  The 
plant,  while  green,  ia  laid  in  water  for  ten  daye^  and  nndeigoee  a  chemical 
cimnge^  whieh  eoftena  the  polpy  part,  without  ii^nring  the  strength  of  the 
fibres,  and  ren  Tors  it  nM»e  eaiy,  when  it  has  been  dried  and  expoaed  to 
the  air  for  a  fortnight,  to  separate  the  two  substances  in  the  process  of 
drepisinc  it.  Th}<*  i-*  performed  by  beating  it  with  the  etlpc  of  a  flot  piece 
of  WOO'!,  th(  strrlv  ■  Iseing  obliqne.  and  nearly  in  the  direction  of  the  tiltres, 
and  aftenvarils  combing  it,  in  order  to  reduce  the  fibres  into  rpcrular  order, 
and  to  prepare  them  for  spinning.  The  refuse,  cunsistiiig  of  the  shorter 
fibres,  ii  tow. 

Cotton  ia  a  ilna  ftbrona  onbatance,  that  envelopea  the  leeda  of  a  plant 
The  beat  ia  bvoaght  from  the  iele  of  Bourbon ;  bnt  by  far  the  grealeet 
quantity  from  the  Weet  Indiee,  although  the  Tnrfciah  dominiona  aa  well  ae 
the  East  Indiea  fnmiih  us  with  a  considerable  supply.  It  ia  usually 
wime^  bnt  then  ia  a  yellow  kind,  which  ia  need  for  nankeena.  It  ia 
*  fleeDaiieaid,  TMli  de  b  Corderie  FwffMlioBii^e,  4to,  Ptois. 
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wpanted  from  the  leeda  hy  meaoa  of  roDen^  Twtimeeii  wbich  ft  f/nam,  and 
Ibktw  the  leedfl  behind.  It  is  then  heeten^  en  a  flak«^  or  a  etool  oovnod 

with  a  texture  of  oord.  Next,  it  is  carded,  either  hy  hand,  the  fibres 
being  drawn  into  regular  order  by  cards,  that  is,  by  brushes  of  fine  pointed 
wire ;  or,  more  commonly,  hy  inachinerv',  the  cards  being  disposed  in 
cylinders  wlueli  revolve  nearly  in  contact  with  oiich  other.  The  drnwin;; 
or  roving  iniichine  then  draws  it  into  lon;^'  tliikcs,  a  state  j»reparatory  to 
its  being  spun  by  Sir  Richard  Arkwright's  machines  or  jennies,  which 
fom  at  onoe  forty  threads  by  the  Ubour  of  one  pennm. 

Tiu  eflkwonn  is  bred  in  the  greateet  abnndanee  in  Italy  and  in  Asia  ; 
it  has  lately  been  introdueed  very  saceetsfully  into  the  British  poesessiona 
in  the  East  Indies.  The  principal  food  of  the  caterpOlar  is  the  wliite 
mulberry  tree^  which  is  too  delicate  to  thrive  well  in  norihem  climates  :  in 
Italy  the  trees  are  planted  in  l)ed8,  like  willows,  and  the  foliage  is  cut  as 
it  is  wanted.  Tb^>  room  in  wliich  the  worms  are  fe<l,  is  kept  nt  the  tem- 
perature of  HO  (les.nees  of  Falirenheit.  The  eggs  of  a  former  year  are 
hatched  either  by  animal  heat,  or  by  that  of  the  sun  ;  at  the  s^c  of  hix 
weeks,  the  caterpillars  begin  to  spin,  first  a  light  external  texture,  which  is 
carded  and  spvn  fbr  ooaiae  silk,  and  afterwards  a  eompact  oval  pod  or 
cocoon,  of  one  continued  thread.  The  threads  of  several  eoooons  are 
reeled  off  at  the  same  time :  for  this  purpose  they  axe  gmerally  pnt  into 
warm  water,  wMch  kills  the  chrysalis  :  hut  when  it  is  preserved,  it  soon 
turns  to  a  moth,  which  lives  but  a  few  daya^  talcing  no  food,  and  dies  after 
producing  epjrs  for  the  next  season. 

The  silk  is  eitiier  yellow  or  white,  hut  the  white  is  an  accidental  variety 
only.  By  repeated  wasliings  the  yellow  silk  is  hkached,  and  that  which 
is  originally  white,  acquires  a  more  i>crfect  wbittuesa.  Soap  is  altio  used 
for  removing  a  gummy  substanee  thai  aceompanies  the  sillc  of  the  cocoons. 

Wool  is  distinguished  into  two  principal  varieties,  long  and  short  wooL 
The  longest  is  from  Linoolndiire ;  it  is  combed,  by  means  of  instnunents 
furnished  with  a  double  row  of  long  and  sharp  teeth  of  iron  or  steel ;  it  is 
repeatedly  drawn  from  one  comb  to  the  other,  heat  bttOg  used  in  the  pro* 
ce<*f,  and  also  a  little  oil.  The  fleeces  of  lon^  wool  arc  L^eTiprally  heavier 
than  those  of  short  wool,  hnt  \om  vahuiMe  on  account  of  tlieir  coarseness  ; 
they  are  used  for  worsteds,  and  for  cloths  in  which  the  sejDvrate  Uireads 
remain  visible,  &&  stutik,  bhalluous,  serges,  and  tammies.  Short  wool,  on 
the  contrary,  is  carded,  and  is  used  for  cloths  in  wliich  the  individual 
threads  are  concealed  by  the  projecting  fibres. 

The  principal  use  of  thread  and  yam,  when  spun,  is  for  the  pnrpose  of 
weaving.  The  ssme  foree  of  lateral  adhedon  that  retains  the  twisted 
fibres  of  each  thread  in  their  situations,  is  here  also  employed  in  giving 
firmness  to  the  cloth;  and  this  adhesion  is  generally  increased  by  the 
action  of  any  external  force,  tending  to  strain  the  whole  texture. 

The  first  step  in  weaving  is  t^>  form  a  warp,  which  consists  of  threads 
placed  side  by  side,  continued  throu^^h  tlio  length  of  the  piece,  and  euffi- 
cient  in  number  to  contititute  itd  breadth.  This  being  wound  on  a  beam 
or  roller,  in  tlie  loom,  the  threads  are  drawn  throu^  a  harasss,  consisting 
of  loops  formed  by  twine  fixed  to  bars  or  feames»  which  devales  and 
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depresses  the  flifeadB  in  sncwsicm  liy  laam  of  tmdb^  moved  lij  tlw 
feat,  in  an  order  which  Is  difoent^  aeoording  to  the  difierent  nafton  of  the 
inAended  worlc;  the  erose  thread  or  woof,  hdng  fhxown  hetween  them  at 
eaah  alternation,  by  meana  of  a  shuttle,  and  foroed  into  ita  plaee  by  a 
batten  or  comb  made  of  wire  or  reedi^  wliile  the  pieee,  in  pit^Kntion  aa  it 
is  completed,  is  rolled  upon  a  second  beam  opposite  to  the  first. 

Crape  is  composed  of  threads  which  are  so  stronglj  twistefl,  as  to  have 
a  (iisposition  to  curl,  and  in  weaving  it,  moisture  is  sometimes  employed, 
in  ortler  t^)  obviate  this  tendency  during  the  process.  Woollen  cloth,  w  lieii 
woven,  is  rendered  stronger  and  more  compact  by  means  uf  tiie  fulling 
mill,  in  which  it  ia  beaten  by  heary  hammen  of  wood,  at  ilM  wme  time 
that  foUenP  earth,  or  alealine  aabataneea  of  animal  origin,  are  applied  in 
order  to  deanae  it*  In  thia  operation  both  ila  length  and  breadth  are 
diminiabed,  and  it  ia  reduced  to  a  texture  approaching  to  that  of  felt. 
The  reaaon  of  the  contraction  is  probably  this,  that  all  the  fibres  are  bent 
by  the  operation  of  the  hammer,  but  not  all  equally,  and  those  which  have 
been  the  most  bent  are  prevented  by  their  adhesion  io  the  neif'hbonrin*^ 
fil)ros  from  returning  to  their  original  hni'^'tli.  Aft  r  fullintr,  the  cloth  in 
rou<;hened  l)y  means  of  tcanels,  which  art  colli vatc<i  for  the  purpose  ;  and 
tlie  most  projecting  tibres  are  cut  away  by  the  operation  of  shearing. 

The  lateral  adherion  of  iibrea  of  varlona  \inds  gives  strength  also  to  • 
fdted  enbelanoe%  aaaiated,  aa  aome  aaaert,  by  minute  harb%  with  which 
the  fibres  of  fare  are  eaid  to  he  fnmiahed.  The  whole  atrength  ia,  how- 
ever, much  inferior  to  that  of  doth ;  partly  becanee  the  iibrea  are  in 
general  much  shorter,  and  partly  becanae  their  arrangement  ia  leas  accu- 
rately adjusted.* 

The  materials  commonly  n^ed  for  felting  are  the  furs  of  rabbits  and 
beavers,  mixed  with  each  otiier,  ami  with  sheejj's  wool,  in  various  pro- 
portions, according  t^)  tlie  (quality  recjuired.  A  very  fine  fur  has  lately 
been  discovered  ou  the  Hkin  uf  a  species  of  seal,  mixed  with  its  hair,  and  it 
has  been  employed  not  only  for  felting,  but  also  for  spinning  and  weaving 
into  a  doth  reaembling  the  ahawla  of  the  East  Indica.  The  Air  of  the 
rabbit  ia  alao  mixed  with  a  eoazaer  hidr,  which  is  separated  from  it,  by 
being  first  pulled  off  from  the  akina^  with  a  sharper  knife.  The  matcriala 
to  be  fdted  are  intimately  mixed  by  the  operation  of  bowing,  which  de- 
pends on  the  vilnrations  of  an  elastic  string;  the  rapid  alternations  of 
its  motion  beincr  ppciiH.uly  well  adapted  in  remove  all  irregular  knots  and 
adhesions  among  the  fibres,  and  t«  disjiose  them  in  a  very  light  and 
uniform  armngemcnt.  This  texture,  when  presised  under  cloths  and 
leather,  readily  unites  into  a  mans  of  some  firmness ;  this  mass  is  dipped 
into  a  liquor  containing  a  little  sulfuric  acid,  and  when  intended  for  a  hat, 
ia  moulded  into  a  large  conical  figure,  which  ia  reduced  in  ita  dimendona 
by  working  it  with  the  handa^  and  ia  formed  into  a  flat  aurllMe  with 
aeveral  coneentrio  folds,  which  ate  atill  mora  oompaeted  in  order  to  make 
the  brim  and  the  circular  part  of  the  crown,  and  forced  on  a  block  which 
aervea  aa  a  mould  for  the  cylindrical  part.  The  black  dye  is  compoaed  of 
*  On  HataaaidDg,  see  Niflh.loBr.4to,  i.  67;  iii.  82, 73. 
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logvtood,  nUftieof  mm,  and  »  IHtb  wotMB of  €opp«r»  or  vwdigm;  wd 
the  ■Tti<e>"8"g  is  A  tUn  g^ne. 

The  tezfcare  of  paper  b  scarcely  diffwent  irom  that  of  fidt^  tXMfi  tliai 
its  iibrM  are  lesa  viaiblA  to  the  naked  eye.  To  make  white  pi^flr,  liniii  lag* 

are  ground  with  warm  water  in  a  mill,  into  a  paste  of  the  consistence  of 
cream  ;  a  portion  of  the  paste  is  tukcn  up  in  a  wire  Hicve,  wlnclv  is  passed 
obliquely  through  it,  aii<l  this,  ]>eiui(  a  little  shaken,  s\il)HideH  luto  a  sheet, 
which  is  tumerl  out  on  a  piece  of  Uannel ;  a  number  of  sheet*  being  thus 
formed,  tliey  are  then  pressed,  first  with  the  interposition  of  ilauuei,  and 
•llcrwsfdi  t^oobf  wbaHib  th«gr  m  itiU  moist.  For  ttiiGk  paper,  tiro  or  hmn 
•hoeto  aio  laid  on  each  other  bofore  the  fin*  pveosiiig.  To  fill  up  the  porM 
of  tfao  paper,  and  to  faioreaee  its  stnngth,  a  eiae  is  emplojod,  which  la 
generallj  made  by  boiliiig  ahreds  of  pavehment  or  untanned  l^iJOner. 
SometimeB  tin  size  I-  i  KIed  after  printing  on  the  paper,  but  this  is  only 
dona  in  works  of  inferior  elegance,  and  in  this  country  not  at  all. 

Such  are  the  principal  vh<cs  of  the  union  of  flexible  fibres,  for  the 
different  purposes  of  streiigiii  or  of  convenience.  Their  importance  is  such 
that  they  uiia:ht  be  esteeined  worthy  of  a  more  detailed  considt  iation  ;  hut 
we  are  not  likely  to  make  any  material  inipruvement«  in  these  department 
of  mecliauical  art  by  the  application  of  theoretical  refinements.* 


LECTURE  XVII. 


ON  TIKEKEBPER8. 

Thx  messtuKOient  of  time  hy  eloehs  and  watches  is  a  Tsiy  important 

and  interesting  department  of  practical  mechanics.  The  snbjeot  is  inti- 
mately connected  with  the  consideration  of  astronomical  inskmments^  hut 

it  is  not  essentially  dependent  on  astronomical  principles. 

Tiuie  is  measured  T)y  motion  ;  but  in  order  that  motion  may  he  a  true 
measure  of  time,  it  must  be  equablf^.  Now  a  niotion  j)erfectly  free  and 
undistur])ed,  and  consequently  ur.i?  ini,  is  rendered  unattainable  hy 
Uie  resLitances  inseparable  from  the  actual  constitution  of  material  puI»- 
staneea.  It  becomes  therefore  necessary  to  inquire  for  some  mode  uf 
approximating  to  such  a  motion.  Astronomical  detenninations  of  tfane» 
which  are  the  most  aoenrati^  can  only  he  made  under  particalar  drcnm- 
stancoB^  and  even  then  they  aasist  us  hut  litUa  in  diTidmg  time  into  small 
portions. 

The  first  timekeepers  somewhat  resembled  tiie  hour  j^asses  which  are  still 
occasionally  employed ;  they  measured  the  ess^of  a  certun  quantity,  not 
of  sand  but  of  water,  through  a  small  aperture.   In  these  clepsydrae^  it 
*  ForedditionelaMthQfitiai,  see  Lent.  XDL 
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appesn  from  Vitmvius's  aeeount  that  wheelwoTk  was  employed,*  and  the 
hour  was  shown  on  a  graduated  scale  ;  the  LTfiduations  wcro  ;iIso  probably 
mi  jidjust^H  fiH  to  correct  the  error  arisint^  fn>iii  the  inequahty  of  the  velocity 
occ&tiiuued  by  ihv  vaxiatioQ  of  tke  h«i^kt  of  the  water  in  the  r^rvoLr.  Thi« 
iMonveniiiice  wm  lunraur  MMllMtt  wliaify  «wided  by  means  of  a  mb* 
tel  *wm,  wUeb  kept  th*  f>«Ml  foil,  or  ttiU  mot*  elegantly,  by  tke 
of  whidi  wm  »  ImbI  taW  fifpwM  by  a  ftNi|»  m  fhaft  ili 
iMNVOitfce,  at  which  the  water  was  diiAftiged,  was  alway*  a*  ft  certain 
dirtMMftlMbvIlM  nurfaoe.  Dr.  Hooke  pfoptud  ia  keep  the  reservoir  fu^ 
by  means  of  a  HetnicvliiKlricnl  counterpoise, f  so  thsit  the  time  might  be 
determined  either  from  the  Mieasnre  or  weie^ht  of  the  quantity  of  water 
discharged,  or  from  tlie  ^^{  the  counterpoise.    Various  other  mod^ 

might  also  l>e  devitsed  for  making  cheap  and  simple  timekeepers  on  similar 
principles,  ut'j>cudsnt  an  ike  motimi  of  vmiioos  Uquids  or  eiartio  flaids ;  b«t 

ivfw u s eoMM nMMon cf  time;  and  ky  kwfayttairiiHiidipMWi 
ttMB^tft^  it  may  e«Uy  bt  aada  to  answer  the  purpose  of  an  alarm. 
dMiBi  mA  vatclies  are  machines  in  which  wheelwork  is  employed  Ite 

the  m«a»arement  of  time,  heinc:  driven  by  a  weight  or  by  a  spring,  and 
regulnted  hv  a  pendulum  or  a  balance.  Wat^-hef^  differ  from  clocks,  in 
being  porta  I  de,  and  tMa  condilioa  ojwiudes  tkfi  pendulum  and  the  weight 
from  their  cuudtruction. 

It  is  eonjectttxed  that  the  Saracens  had  <^ocks  ^dddi  mm  moved  by 
Viights^aseariy  ■ithteUvnfliMHtaiy.t  tMmAm  mwUbm  m  otrery, 
mand'}^  •^wOi^waA  hmfm^  tiai^ ifMih  m  «Bt»  ialS«^bylli» 
Saltan  «f  Elgypt^  as  a  pitant  to  tbt  Baipirar  Fi«duiek  II.  WallfaigM; 
in  i326,hadadtosdoekifUihiiBaii^dalidbyafly.f  lliewteriwh 
a  fly  in  equalising  motion  depends  on  the  redsCance  of  the  air,  which 
increases  rapidly  when  the  Telocity  i«  increased,  and  therefore  prevents  nny 
great  inequality  in  the  motion  as  long  as  the  moTini^  power  varies  but 
little ;  and  if  the  action  of  the  weight  were  trauamitted  with  perfect  regu- 
larity by  the  wheela,  and  the  specific  gravity  of  the  air  remained  unaltered 
by  praMMorby  ttmpwituie,  a  fiy  doek  might  be  a  perfbet  ■UHhiiM^  the 

iwjjhfc  bei^  ahi^iwitly  eoaiiliiiliaiwini  by  the  iiiiiili  ef  tha  air> 

ailMiiibV  m  iwrtah  mdaaity  of  tha  fly;  and  it  miifiA  owm  be  paarfble  to 
flgllal  ii  the  ineqnalitiea  of  Ika  aietien  of  the  weight,  by  owabig  the  fly  ia 
oyon  and -shut  or  to  turn  on  an  axis,  by  means  of  a  spring,  according  to  the 
TnagTiitude  of  the  resistance.  The  nneqnal  density  >f  the  air  would  ho^v- 
tver  still  remain  uncompensated  ;  aad  in  this  respect  a  liquid  would  be  a 
better  medium  tlian  an  elastic  fluid.  For  experimeuta  which  are  but  of 
short  duration  and  which,  require  great  precision,  a  chronometer  regulated 
by  a  tbasgki  fly  ixHa  ■  wmitl  iaitwyHi  lir.  WbllolniSBt's  ||  appanta* 
liar  aaaaaTiig  tbe  tiaia  ooanpiad  ia  1k»  itmwtA  of  heavy  bodla%  ia  gomniMl- 

«^Sie  Dttbsm,  The  ArtMoial  OeAmdnr,  1«M^  p.  «k 

t  Lunpas,  4to,  1677,  v- 

X  Beckmann,  History  of  inTeadoas,  4  voia.  trau&lated  by  Julmstone,  vol.  L 
§  Epitome  Conrardi  OeMOrif  p.  OMi 
II  Fh.  Tr.  1794,  p.  2. 
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bja  flj;  tiM iadtK ]•  ilgpped  byilw  madiiii«y» ■nd  poiatoaallhttei 

elapsed  without  an  error  of  the  hnndredth  part  of  a  eecond. 

The  alternate  motion  of  a  balance,  thrown  backwards  and  forwards  by 
tlie  successive  actions  of  a  wheel  impelling:  its  pallets,  is  ako  cai>al)le  of 
producing  a  degree  of  uniformity  in  the  motion  of  the  wheel ;  for  the  force 
operating  on  thu  pallet  ia  consumed  in  destroy  iiij,'  a  velocity  in  one  direc- 
tion, and  in  generating  a  Telocity  in  ihe  ocmtrary  dfaptelion ;  and  fli«  ipiM 
in  whidi  it  aeta  bdng  nearly  flie  aMne  in  all  caaN»  the  veleeUy  genetatod 
willaiaobeneaiiy  tliettineata]ltimea»ae  long  aa  the  foiee  leaoaina  the 
aamew  Tbe  addition  of  a  balance  to  a  clock  waa  made  aoon  afler  the  year 
1400,  for  Arnault*  who  died  in  1466,  describes  a  planlephere  conetracted 
by  his  master  De  Fondeur,  which  had  a  balance  with  a  scapement  liVe  that 
of  a  common  watch,  hut  without  a  Hprin":.  Such  a  balance  viliriites  much 
more  slowly  than  a  balance  provititU  with  a  spring  ;  if  the  balance  lijamfj 
of  a  common  watch  be  removed,  the  handa  will  pass  over  the  space  of  about 
twenty  eight  minutes  in  an  hour. 

Itia  aaid  that  before  the  pendnhun  waa  need,  a  balance  wheal  wae  aone- 
tiniea  anapended  in  a  horiaontal  poailaon  by  a  thread  pawing  thioa|^  ita 
azii^  which  coiled  round  it  and  caoaad  it  to  riae  and  faU  aa  it  oedllated 
backwards  and  forwards.  This  mode  of  regulation  diffsred  but  little  in 
principle  from  the  modern  ])endulum8,  but  it  waa  more  complicated  and 
less  accurate.  Huygens,  in  somewhat  later  times,  constructed  a  clock  with 
a  revolving'  weight,  which  rone  higher,  and  increased  tlie  resbtance,  when- 
ever an  augmentation  of  the  force  increased  the  velocity;  and  he  caused 
tike  thread  which  supported  the  weight,  to  bend  round  a  curve  of  i>uch  a 
form  aa  to  preaerve  the  equality  cf  the  rerolntiona. 

A  chronometer  may  be  canstmcled  on  tbiaprindple  for  maaevring  email 
porkiona  cf  time  whidi  appeaia  to  be  capable  cf  greater  aeenraey  than 
Mr,  Whitehurst's  apparatus,  and  by  means  of  which  an  interval  of  a 
thousandth  part  of  a  second  may  possibly  be  rendered  sensible.  If  two 
revolving  pendulnnT*  be  connected  with  a  vertical  axis,  in  such  a  manner  as 
to  move  two  weiu'lits  liack wards  and  forwards  accuniingly  as  they  fly  off 
Uj  u  greater  or  suuiik  r  Jiijiancc,  the  weights  sliding,  during  their  revoluiiun, 
on  a  iixed  surface,  a  small  increase  of  velocity  will  considerably  increase 
the  dietaaea  of  the  wei^ta  tnm.  the  nada,  and  eonaeqMtly  the  elibet  of 
their  fiietiony  ao  that  the  maoMne  wiQ  be  immediately  retarded^  and 
Ita  motion  may  thna  be  made  extremdy  regular.  It  may  be  tamed  by 
a  atring  euled  round  the  npper  part»  and  thia  atring  may  8er\  e  aa  a 
airport  to  a  barrel,  aliding  on  a  square  part  of  the  azie^  which  will  oonaer 
quentlv  descend  as  it  revolves.  Its  surface,  being  smooth,  may  he  covered 
either  with  pajier  or  with  wax,  and  a  pencil  or  a  point  of  metii]  may  be 
pressed  agauist  it  by  a  fine  Bpriug,  so  as  to  dpstrilie  iilwiiys  a  spiral  line  on 
tike  barrel,  except  when  the  ^ring  is  forced  a  little  on  out  bide  by  touching 
It  slightly,  either  with  the  hand,  or  by  meana  of  any  body  of  which  the 
motion  ia  to  be  eacamined,  indiether  it  he  a  foiling  weight,  a  vibratiiig  oord 
or  rod,  or  any  other  moving  anbatanoe.  In  thIa  mannCT,  anppcmng  a  bar- 

*  Veaturt,  Baiei  ear  lee  OoTiefee  de  L.  da  Vlnol,  p.  28,  quoting  M8.  No.  729S, 
the  National  Libnrf  of  Me. 
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rel  a  foot  in  circumference  to  revolve  in  two  seconds,  each  kuudredth  of  an 
inch  wwM  oonmpcnd  to  the  rix  Intndxedlli  pirt«f  ftieoond ;  asid  tiie scale 
nigfatlwitiUfiiftiicrenlai^if  itTO  (Plate  XV.  Fjg.  I9a) 

Bj  means  ef  this  instnuneiit  we  may  mesmire,  wifbcMit  diffieulty,  the 

frequency  of  the  vibrations  of  sounding  bodies,  by  connecting  them  with  m 
poin^  which  will  describe  an  nndolated  path  on  the  roller.  These  vi- 
brations may  also  serve  in  a  verj^  simplo  manner  for  the  measurement  of 
the  minutest  intervals  of  time  ;  for  if  a  body,  of  wliich  the  vibrations  are 
of  a  certain  deprreo  of  frorjuency,  be  caused  to  vibrate  during  the  revolution 
of  an  axii^,  and  to  mark  itis  vibrations  on  a  roller,  the  traces  will  serve  as  a 
correct  index  of  the  time  occupied  by  any  part  of  a  revolution,  and  the 
motfom  of  any  other  body  may  be  voy  accuMitely  eompaved  with  the 
number  of  sltemaitiona  marked  in  the  same  time,  by  the  Tibntlmg  body. 
For  many  puipoess,  the  madiiwe^  if  heavy  enough^  m^t  be  tuned  by  a 
handle  only^  can  being  taken  to  keep  the  balls  in  a  proper  position,  and  it 
would  be  convenient  to  have  the  deseont  of  the  barrel  regulated  by  the 
action  of  a  screw,  and  capable  of  being  suspended  at  pleasure. 

But  for  the  general  purposes  of  timekeeper'^,  all  other  invcntians  have 
been  almost  universally  superj^ded  by  the  penduluui  and  tiie  balance 
spring,  or  pendulum  spring.  About  the  year  1000,  Ibn  Junis,  and 
the  other  Arabian  astronomers  were  in  Uie  habit  of  mMtsnring  time, 
during  their  observations,  by  the  vibrations  of  pendulums;  but  they 
never  eonneeted  them  with  msehineiy*  The  equality  of  the  timee 
oeenpied  by  thcss  vibraliooi^  whether  krger  or  smaller,  was  known  i» 
Galileo*  in.  1600,  and  some  time  before  1633,  he  proposed  that  they 
dumld  be  applied  to  the  relation  of  clocks.  But  Sanctorius,  in  hia 
commentary  on  Avicennn,  deHcribes  an  instrument  to  which  he  had  him- 
self applied  the  pendulum  in  1G12.  Huygens  made  the  same  application 
only  in  lOoB,  which  is  the  date  of  his  work  on  the  subject.  In  the  same 
year,  Uooke  applied  a  spring  to  the  balance  ot  a  watch  ;t  and  soon  after, 
he  conceived  the  idea  of  improving  timekeepers  sufficiently  for  ascertaining 
the  longitude  at  sea,^  but  he  was  interrupted  in  the  pumlt  of  his  plan. 
Hooke  waa  also  probably  ths  ilrst  that  employed  for  a  dock  a  heavy 
wsig^  vibrating  in  a  small  arc ;  an  arrai^jement  from  which  the  peculiar 
a(U  :Liitage8  of  a  pendulum  are  principally  derived. 

The  objeots  which  lequirs  the  greatest  attention  in  the  construction  of 
timekeepers,  are  these ;  to  preserve  the  moving  power  or  sustaining  force 
as  eq\JH))le  as  possible,  to  apply  this  force  to  the  pendulum  or  balance  in 
the  most  eligible  manner,  and  to  employ  a  jx  n  lulum  or  balance  of  which 
the  vibrations  are  in  their  nature  as  nearly  isoclironous  an  possible.  In 
clocks,  the  sustaining  force,  being  generally  derived  from  a  weigh^  is  al- 
ready sufficiently  equ&blc,  provided  that  care  be  taken  that  the  line  by 
whieh  it  is  suspended  may  lie  of  equal  thidaiess  throughout,  and  m*y  set 

•  Mem.  dfll'  Arf!(l.  M  Cimcnto.    T\n'-  ditr  is  thprp  stated  as  1583. 

f  Caraini  kiid  cLiim  to  this  invention,  m  Lthulf  uf  iiuy^ens,  but  Hooke  proves 
tiiatbe  bad  sot  only  conceived  it  but  sent  it  to  Huygens  fifteen  years  before,  who 
wrote  n  Tetter  a^tnst  it  r\s  tmprncticable.  Philosoph.  Kxy.  !xc.  hy  Ilooke,  p.  388. 
The  main  went  of  the  appiicution  of  the  pendulum  to  clocks  prubably  belongs  to 
Heygeas.  t  Ibid.  p.  4. 
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ftuHgka-ajring.  Ooe  of  the  fini  dodk  qnnB»  is  nid  It  Imvb  bM  iii 
wyqfdbl*de  ;  a  clock  with  MUsh  a  spring  was  lately  preserved  nt  Bru*- 

■ils :  the  Sfeting  wluch  is  at  present  used,  is  a  thin  eUatic  plat*  of  steel, 
OoUed  into  a  spiml  form.  Everj'  sprina:  exerts  the  more  force  as  it  i««  more 
bent ;  in  order  to  correct  this  ine  ivi;Uit  \ ,  tin  chain  or  cord  by  whicii  ii  acts 
on  the  work  it  wound  on  a  tpirai  fusee ;  so  that  in  proportion  as  the  force 
ie  lesfieoed^  it  is  implied  to  a  larger  cylinder  or  a  longer  lever.  The  gene- 
i^WidimirihtfiMflMiklMiMvrilyfwIitlH^  any  paift 

^  whicb  tike  ibm  wwM  ««se  alfto«^llMl^^th•a«m 

k  denominated  a  hyperbola ;  but  the  workmen  hare  in  genml  no  oHmt. 
tale  than  an  habitual  estunation.*   (Plate  XY.  Fig,  199.) 

Notwithstanding  all  possible  precautions  in  the  immediate  application  of 
the  weight  or  .s]>rii\Lr,  the  irreL,^u]ar  artiim  nf  tlie  tcL'th  of  the  wlu'iis,  the  in- 
ii^easin^  teuavily  of  the  oil  usually  employed,  aad  oUier  accKicntal  dis- 
turbances, make  it  still  deeirable  to  procure  a  further  equaihuiLiua  of  Liie 
imm;  -i%\Th  h  inwiilfTim  fihriiwiil  in  rTarh  \fj  nUmng  the  loaded  am  of 
»  levar  te  m  given  hii^  wlMnoe^.it  may  (kewnd;  and  in  wMm,  hj 
baidi]|gaepiia^faitaa.giiiiB  poidlioB  IbeiDidiidi  it  n^ir  xrtar^  eo  aa 
limit  with  great  precision  the  pvopdling  forc«  ewpleyed  fai  eadk  HbsaftiQik 
The  necsasity  of  applying  oil  is.«NBilUBee     gnat  aieeeufe  rwniiTwl  lij' 
j^wellinsr  the  holen  in         h  the  axes  or  verges  run;  a  perforation  bein?^ 
made  in  a  phiti'  of  ruby,  and  a  diamond  applied  upon  thi%  in  contact 
the  end  of  thm  axi^ ;  the  hardnen^  and  high  polialk  of  thesa  8toaa»  teiMUa^- 
very  considerably  to  dimiuiah  the  friction. 

TheiaaraalaodSlfeniii  nttbodaof  oealiwung  tha  aatioB  of  the  imm 
lAaathtoieehar  wateh  la  wa^pdap;  a  wgring  ia  ia4e«foeed  belweaa  Hkm 
tee  «id«bewhe4  impelled  by  it»  a  Bttk  InMov  U  f oim  «o  «faa  oiigiqal 
vei|^  oar  ^ring,  eo  aata  nmain  alwaye  l>eBt,.iuiti]^  when  the  pneeure  of 
Iha  nyda  epna^  is  remored,  it  b^ins  to  act  upon  a  fixed  point  on  one  side^ 
and  npon  the  wheel  of  the  ^see  on  the  other,  so  that  it  propels  the  work  for 
a  short  time  wiUi  a  force  nearly  equal  to  that  of  the  main  spring.  Some- 
times also  the  spring  is  %vimii'l  up  by  cauHin??  a  small  wheel  to  revolve 
round  the  centre  of  the  fusee,  having  its  teeth  engaged  on  one  side  in  tluise 
(tfawbMlwliidimakeeapartoftlMAM^  and  aft  iha  oIlMr  lUa  witk  the 
inlenul  teiAk  of  ahoo^eomolad  wilik  flM  iaariB»  ea  Om*  1^ 
which  WMOwia  np-lha  ipfing  tande  alaa  ta  Iha  lieop  le— d^  and  taeeiko 
timefhaaeliao.  (PUte  XVI.  Blg«  200.) 

The  soapeoient,  by  which  the  sustaining  force  is  oommunicatad  tatha 
pendnKint  or  }>a!ance,  demands  a  frreater  exertion  of  skill  and  aocurftcy 
than  any  other  part  of  a  tiiiu'keeper.  St'int'tiiues  the  alternate  motion  of 
tht  peuiiuluiu  liiis  l>cen  produced  by  the  actiou  of  li  rraiik,  but  this  con- 
struction subjects  It  too  much  to  tlie  irregularities  of  tiie  wheelwork,  and 
ia  liable  ta  aeratal  othnr  olgoeUona.  A  crank  cennot  properly  be  called  a 
eeapementyfor  acooidiiig  to  the  etymology  of  the  term,  the  pendnliim  mnel 

*  Lahire  on  the  Fkore  of  Fusees,  Hist,  et  Mem.  de  Paris,  ix.  102*  Varignon 
on  do.  ibid.  1702,  p.  192,  H.  122. 
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esw'flpc  for  a  time  from  the  action  of  the  w her] work-,  and  in  general,  the 
Diure  independent  its  motion  is  rendered  the  better  is  the  effect  of  the 
madiine.  The  eimplest  forms  in  oomniim  Wm  m  flii  lanrtdi  wsi^flBieiilt 

lMi'MK(«ninil»  mtA  tlte  cyXndcr  iHih  %  lunisonlii  whady  «e  hnprov*- 
nento  «ii  tlMiB;  Bad  llie  detadwd  scspMnent  is  a  still  fmrthar  leflnemcnt 

The  crutch  soapemen^  fsQed  by  the  French  the  anchor  scapement,  ii 
an  arch  In  Ae  pbuie  of  the  scape  wheel,  and  parallel  to  that  in  which  the 
pprtfliihim  vihrfttes,  mi]>portinn'  at  ^nch  pxtremity  a  pallet,  of  which  the 
•face  is  a  piaiie,  and  which  ia  im])e]le(i  in  its  turn  by  the  teeth  of  the  scape 
wheel.  The  faces  are  so  inclined  that  tlie  pallets  are  alternately  forced,  by 
4he  action  of  the  teeth,  to  retire  from  the  centre  of  the  wheel :  and  great 

may  fan  ngvOaatfytm  Ibt  pdfet>  tttmediiftoly  lAcr  th«  diaeBgageingiit  of 

tnii«  common  watch,  thettdicf  Aftbalmoklk^pMrilel  to  the  ptenaof 

Ihe  scape  wheel,  wfhkh  is  a  contrate  or  crown  wlied,  and  the  flat  palleta 
ure  Axed  on  the  axis  of  ^e  balance  at  th&  opposite  'puMi  thb  cifOUino 
ference  of  the  w  ape  wheel.    (Plate  XVI.  Fip.  202.) 

In  both  theae  cases  the  iin])ul>e  friven  to  one  ])Fillot  carries  the  opposite 
pallet  with  some  force  against  tiie  approaching  tooth,  and  drives  the  wheel 
m  little  backwards  ^tfi  a  fklMB  fWcA.  Bans  t)M  «ii8taiuing  power,  being 
ilfMMyriaclpfcUyat'lheeKtwinMiw^  <te  dlitarbithrir 
dDnEmfeM  «r  tfw  «^EaiIity  of  tin  Hm  Ife  whioh  tfit j  ut  peHbim^ 
firtMly  fcu»Mlng  fta  toroe.  WeMy  WMllMit  llnl^  b  «tdt^  thKt  •« 
irflnttlloiai  «of  %lalmr  augKitade  may  be  performed  in  eqnal  timn,  Ite 
foroie  mnst  be  exat^ly  proportional  to  the  distance  from  a  given  point, 
consequently  if  an  additional  force  be  applied  near  the  eTtremities  of  the 
vibration  only,  the  longer  vibrations  will  occupy  less  time  than  the  {shorter; 
and  we  may  observe  that,  h  v  adding  to  the  force  of  the  spring  of  a  common 
m-atch,  with  the  key,  we  may  acc^erate  ita  motion,  at  the  same  time  that 
Ihe  angttkr  maguit«4fe  if  tftttttmiltii  it  iacMind.  Ths  mMUm  of  Hm 
iNOaiiM  alM^  Mng  ttowMt  it  Ibe  wftMnlltct  ef  te  tIMIm  ivlRiti 

a«a  if  H  w&n  tabjected  to  its  action  through  Mi  «^(aal  the  middlt 

•f  the  vibnUkm.  Yet  a  good  clock  on  this  constmction  may  keep  time 
without  aft  error  of  the  ten  thousandth  part  of  the  whole,  and  a  wntch 

within  a  two  thousandth.  In  the  comTnon  watch  scapement  there  is  littie 
friction,  for  the  force  acts  almost  pcrprii  licuhirlv  on  tiie  pallet  •  it  appears 
to  have  been  the  oldest  scapement-,  and  was  employed  before  the  a|^icai* 
tion  of  springs  to  balances  :  it  requires  a  considerable  extent  of  IftciiM  te 
the  balance,  alid  «MiiMl1teieAM 

Minii*vfbnletB«udl«NB.  ftithUdi  actpwicii^  miht  ^dtMmfk 
DmetbeiipplM  inotaedkM^  to  m  vtfaMon  iB  ^mflrngt  mtei  but  bf 
4be  inleipoiatkik  <f  a  leyer  with  a  nOm,  «r  of  a  fOind  m  with  « 
|liid«iy  it  nay  be  adiipted  to  the  balance  <rf  a  iMleh^  nd  some  watdie* 
thus  constructed  by  Emery,  Letherlnd  and  oHmi^  iiffWff  U  hM  auo- 
oeeded  very  welL 
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•  To  avoid  the  inconveiiiKiiceii  of  the  recoiling  scapemeats,  Mr.  Graham 
iiiTvnted  or  introdneed  the  dMd  tot  for  tlie  doek,  wad  tho  ej^&der  liir 
tlie  ivAtob.*  In  both  of  theee^  the  tooth  of  the  Msape  whed  letti^  dniing 
the  grceter  pert  of  the  Tibration,  on  e^lindricel  wojcUm,  and  acte  on  tho 
inclined  plane  for  a  short  time  only  in  the  middle  of  each  vibration ;  ao 
that  a  cliange  of  the  siiBtaimng  power  eearodly  jj^toduces  a  sensible  derange- 
ment of  the  isochronism  ;  for  which  ever  way  wo  turn  the  key  of  a  liori- 
zoutal  watch,  as  long  as  it  continues  to  co,  the  fn  ijnency  of  its  vibrations 
is  scarcely  affected.  A  mod  hr  i  i/ont;il  ^vutcil  wiU  keep  time  within  about 
a  ten  thousandth  part,  ebpeciuiiy  if  a  little  oil  be  frequently  applied  to  it, 
or  if  {he  cylinder  be  made  of  a  ruby  :  and  the  timekeeper  in  the  obeer* 
vatoiy  at  Greenwich  irith  a  dead  beat  aeapement^  made  by  Grahan,  vaxieB 
firomtme  time  onlytwo  parte  in  a  million.  (Plate  XVI.  Fig.  209^  20A.) 

Stilly  howerer,  the  friction  of  the  teeth  of  the  scape  wheel  on  the  qrlin^ 
der  or  pallet,  and  the  tenacity  of  the  oil,  where  it  is  employe  1,  may  in- 
terfere in  a  slight  degree  with  the  time  of  vibration,  especially  by  the 
irregularities  to  which  they  are  liable.  Since  friction  is  always  increased 
by  an  increase  of  pressure,  the  etiect  of  any  addition  to  the  sustaining 
force  must  tend  in  some  degree  to  retard  the  vibrations,  even  if  the  friction 
be  somewhat  leee  increased  than  the  force  propelling  the  balance.  In  otder 
to  obviate  thie  retardation,  the  eoxfteee  on  which  the  teatih  leet^  hare  eoma> 
times  been  so  formed  aa  to  create  a  lUght  recoil;  bnt  this  conetamction  does 
not  appear  to  hare  been  very  eaocei^ul  in  praotioe.  Tlie  tndSm  may, 
however,  be  considerably  diminished  by  the  duplex  scapement,  apparently 
so  called  from  the  double  series  of  teeth  employed.  The  teeth  of  the  more 
prominent  series  are  detained  on  a  cylinder  m  frnall  as  to  be  unfit  for  re- 
ceiving an  impulse  from  them,  the  balance  is  therefore  impelled  by  the  other 
series  of  teeth,  acting  on  a  pallet  at  a  greater  distance  from  ita  axis.  The 
French  have  sometimes  employed  a  coni^ruction  somewhat  similar,  which 
they  call  the  comma  eeapemen^  the  teeth  flirt  resting  on  a  small  arch  of 
repose^  and  then  impelling  the  carved  satfece  of  a  pallet  extending  to  a 
oowiikiaMe  distence  beyond  it  In  both  these  cases  the  sin^  pellet* 
widdi  is  impeUed  by  a  tooth  of  a  simple  form,  requires  less  labour  in  the 
execntion  then  a  number  of  linger  t^th,  each  of  which  is  to  be  finished 
with  great  nccnrnry  :  hut  watrheg  on  these  constnirticns,  especially  those 
with  the  comma  scapement,  arp  too  liable  to  be  stopped  by  any  sudden 
motion,  althouu;h  the  duj^lex  scaj)emertt  })etjin.s  to  be  frequently  employed 
for  pocket  timekeepers.    (I'late  XVI.  i  ig.  20^.) 

Mr.  Harrison  airoided  all  frieyon  on  the  pallet,  by  connecting  it  with 
the  pendulum  by  means  of  a  slender  spring,  so  flexible  aa  to  fioUow  the 
motion  of  the  scape  wheel  to  a  snflUient  extent  without  slidiug  on  ita 
teetii.  But  the  construction  which  is  most  usually  employed  where  the 
greatest  acoortcy  is  required,  is  the  detached  scapement;  in  which  the 
teeth  of  the  scape  wheel  alvrnys  rest  on  a  detent,  excepting  a  short  interval 
when  it  is  unlocked  in  order  to  impel  the  pnllcT'*.  Mr.  Mudgct  enipL^vfd  a 
detached  scapement  actuated  by  a  subsidiary  spring,  of  which  the  force  is 

*  See  Nicb.  Joamal,  4to,  ii.  49* 

t  Madge  on  a  Scspement,  176S.   On  a  Timekeeper,  4  to,  1799. 
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Boarcely  liable  to  any  variation  ;  the  detent  being  unlocked  by  the  motion 
of  the  baknce.  Mr.  Haley*  has  refined  rtUl  furtficr  on  this  couftiaetuMiy 
hj  eauiqg  fim  iulidkliary  spring  to  unloelE  the  irheA  in  ito  ntnn,  to  tliat 
thft  bdanoe  is  nUervd  horn  this  ftotiony  wliich  vmj  iomntinwii  prodnoe  » 
di^i  inngiiiAiity.  ThMe  constructions  are,  however,  much  too  deli caU; 
for  common  pockal  watches.  In  a  elool^  Mr.  Ciunming  has  employed  a 
detached  scapement,  in  which  a  lever  is  raised  to  a  certain  height  by  each 
t<K)th  of  the  Hcape  wlieel,  and  acts  immediately  on  the  pendulum  in  its 
deeicent  in  the  middle  of  the  vibration.  The  bca[>e  wheel  is  unlocked  by 
the  pendulum  durii^  its  at>cent,  and  a  variation  of  the  prepare  may,  there- 
fore, produce  a  very  slight  inequality  in  the  motion  of  the  pendnlmn.  BIr* 
Niebdaon  hM  attenpted  to  lanore  this  craw  of  error,  by  a  oonekrnetiNi 
In  which  the  ecepo  wlieel  only  aenete  tiie  pendulum  in  raiang  the  lem ; 
bni  it  depends  on  the  digne  of  fovoe  applied,  to  detendne  wliat  part  of 
the  ¥reiglit  the  eeape  wheel  shall  enstain  ;  this  scapement  eeanot^  thenfon^ 
hy  any  means  be  considered  as  detached.  It  is,  however,  easy  to  remove 
the  defect  of  Mr.  Cumming's  scapement,  if  it  can  be  called  a  defect,  by  a 
method  similar  to  that  which  Mr.  Haley  has  applied  to  watches;  each 
tooth  of  the  wheel  being  uiiitu  kni  i  v  the  descent  of  the  lever  on  the  op- 
posite side,  at  the  moment  tlxat  it  ceases  to  act  on  the  peudnlum,  and 
nmainin;  hiaetivomitil  the  pendalun meeto  It.  (Plate  XVL Fig.  206, 207.) 

The  detente  of  tho  scapemente  of  Ma4ge  mi^  Camming  are  paata  of  tho 
paUat^  but  in  the  iamakeepen  now  eoaamonljr  made  by  Atnold,  Eatnehaw, 
and  others,  the  tooth  is  detained  by  a  pallet  or  pin  projeeting  from  a  lever, 
the  point  of  which  b  forced  back  by  the  balance,  at  the  moment  that  the 
pallet  presents  itself  to  another  of  the  teeth.  Mr.  Arnold  employs  an 
epicycloidal  tooth,  acting  nn  n  single  point  of  the  pallet  ;t  Mr.  Earnwhaw 
makes  a  flat  surface  of  the  tooth  hr^t  act  on  the  point  of  the  pallet,  and 
then  the  point  of  the  tooth  on  a  flat  surface  of  tlie  pallet.^  In  other 
M^aete  there  is  little  difference  in  these  scapements ;  and  both  the  artists 
have  been  judged  worthy  of  a  puUie  lawaid  for  their  ancecee.  (Plata 
XYI.  £%.  SQi^  aooi) 

Thalaatof  thatiuaeprindpalobjeeti^  wluehreqaimtheattcntio 
watchmaker,  is  to  employ  a  pendulvm  or  balance  of  which  the  vibrations 
are  in  their  nature  perfectly  isochronous.  For  this  purpose  the  weight  of 
the  pendiiluin  onirlit  to  move  in  a  cycloidal  arc,  bnt  the  difficulty  of  pro- 
ducing such  a  motion  in  jjractice  is  much  trreater  than  the  advantage  derived 
from  it,  and  a  circular  vil)ration,  cualiued  to  a  small  arc,  is  sufhciently 
isochronous  for  all  practical  purposes.  The  eiTor  of  sucii  a  vibratiuu  is 
nearly  proportional  to  the  eqnaia  of  tha  are  deeerfbed  by  the  pendulum, 
and  anuranta  to  a  eeecnd  and  a  half  in  aday  of  24  hovre,  for  a  eingle  degree 
on  eaeh  ode  the  point  of  reet ;  eo  that  a  pendnlmn  keeping  trae  time  in 
an  axe  of  thiea  dagieee,  would  gain  ia|  eeeonde  if  the  are  were  veiy  much 

*  H;ilt  v'>-  Patent  Timekppper.  Kppprtory  of  Arts,  vi.  143. 

+  Explanation  of  Mr.  Arno'.d's  Tjinckccper.  Questions  proposed  by  the  Board 
of  Long,  relative  to  the  sanu  ,  Ito,  1804-0. 

X  Explanation  of  Mr.  I'^Mrabhaw's  Tiiuekoeper.  Qti^ftifflmi  proposid  by  the 
Board  of  Loiig.  relative  to  the  same,  4to,  1H(M*&. 
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iammntHomt  aignw.  ImrtertoayoMtinfirktio 

«suUy  msperdlr  d  hj  a  flexible  spnng  which  is  whoUy  HMftlbon  AricUon. 
The  ekstidtjr  of  this  spring  sdds  a  minute  force  to  the  power  of  gvavitation 

which  ftct«  on  the  pendulnm,  nnd  thi*?  force  must  be  considered,  when  the 
length  of  a  simple  {)eii(iuluin  1;^  compared  with  the  freqnency  of  itfl  vibra- 
tions. It  dots  nrit,  luiwover,  interfere  with  the  equality  of  the  \  iln  ations 
among  each  ollutr  ;  fur  in  ail  springe^  Dr.  Hooke's  general  law,^  that  the 

JobepeHMtlyMtnuU;  ■■ilimliiie^  ftiBrfwij  liiiliMtii  the  ImgtwmA 
4he  waateialiwtiMwpiicMy^^hg^MPe^Nlw^  BirttinlnliMiii,ltii 

idinrable  to  hm  the  velocHj  mait  Ibe  «xtent  of  the  ribration  as  great  m 
poesible,  in  order  that  the  aiottaB  nay  be  the  less  influenced  by  the  ine- 
qualities of  the  Rtisiaining  power  ;  and  in  large  exctirf^ions,  T>r.  Hooke's 
law  is  not  ho  precisely  true ;  thnro  must  ulf*o  npci>s?^aril y  sonu''  inaccuracy 
from  the  loss  of  a  certain  portion  of  the  force  in  ei'iicratiiig  Llie  moiututum 
of  the  spring  itself,  wiiich,  when  the  form  is  gpiral,  iatrmiuces  great  iatnoacj 
JbIo  ^  cakxilaliMi  of  the  pr(^»6rtiee  of  the  vibration.  T«t  *  !■ 
iMvid  by  experinnt that* Mrtria  length  may  be  4it«MMiMd  <e» 
•f«y  ipd^i^  iihidi  iivU  aiopd  vibn 
laochronons.  In  order  that  the  WBtght^r  faMrila  ef  Mm  s^^  bu^  tnter- 
Ine  the  less  with  the  fegnkrity  of  iliaMtien,  it  ieeemetimes  tapered  and 
made  thinner  at  the  extremity:  it  is  now  hho  nmial  m  the  he««t  watrhes  to 
employ  a  spring  coiled  into  a  cylindrical  fom\,  like  that  of  the  spring  of  a 
hell,  of  which  the  motion  appears  to  be  HDiuewhat  more  rcL'-ulur  than  that 
of  a  flat  spiral.  This  was  indeed  the  original  constrnction,  but  was  |»ro* 
baUy  liid  aside  on  aooount  of  the  space  which  it  reqniied*  1%e  hrimee 
springs  are  made  of  the  flneitelial,  aad  thsbietareaaaalMtaiedln  thie 
«wyitiy,aMie>ghtheBVMeha«eerf4tob^theartcf»Aiii^ 
aprings  of  a  bettv  temper  than  owe.  Semetiwea  the  Iwlanoe  apring  ia 
made  of  an  alloy  of  gold  and  eopfer  ;  these  springs  are  very  elastia,  but 
they  are  too  liable  to  brcak.  Mr.  Eamshaw  observes  that  the  strength  of 
a  spring  always  dtminishtoH  a  little  as  it  wear"  :  and  eTuhrtvnnT^  to  derive 
a  compensation  for  this  dimiuutiun  of  strcn^'^tli,  hy  emjilovinu'  n  sprint:  of 
such  a  form,  that  the  vibrations  in  siua.Ii  arcs  may  lie  a  little  more  frequent 
than  in  iar^er  ones,  in  order  that  when  tlie  presence  of  dust  and  Uie 
Unaeltyof  the  etteentraettfaeeadtiBtef  <hi^ttie«%  tUa 
may  tend  la  paeJice  aa  aeeehmBoa  wiiieh  coif  waatw  isr  the 
ftvoeof  fheapri^.  Bat  it  ia  pwhafe  ■eeeeHgiMeta  — fcaefrwy 

^on,  aa  JSht  aa  ptwnHiliii.  independent  of  circumstances  foreign  to  tho 
of  the  error.  The  strength  of  the  spring  is  fomid  to  1m  lea  impaired 
by  use  when  it  is  hardened  than  when  the  stoel  is  Roft<»r.  It  ^Tnetime« 
haj)|)en9,  that  from  a  sudden  motion,  or  from  snnie  ntlu  r  at  t  ideutal  circum- 
stance, tlie  Iwilauce  of  a  tiuu  kee|«er  uiay  \>e  thrown  boyond  the  point  at 
which  the  pallets  are  impelled  hy  tlie  scape  wheels,  and  tin  wliole  motion 

*  Hooke,  Dc  Potentia  Bestitntiva,  4to,  Load.  Tbi*  law  «u  puithshed  by 

hifli  about  the  year  1669b  hi  tha  fsna  «f  aa  j 
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mfty  from  this  cause  he  Inttnrapted.  To  ]>iwv«iit  this  accident,  a  amaH  bar 
-or  pfift  ii  WQiDfteed  tlM  MMMe  spring,  wUAUcagiM  itHnmuOa 
^flMii  lbs  TibMtiM  ^iiiHi  to  4»«KtoDM  too  tm,  itofs  tb»  Mbtt 
pnggtm  Ht  -the  Ulwnw  by  iatuf  BiipHing  m  pia  which  pgnyMtoAoi  ifc.  lldi 

W«  hare  already  teen  that  the  squares  of  the  times  of  vibration  of  two 
Y»pn<hilTimfl  are  proportioTial  to  their  lenc'ths  ;  so  that  if  wp  add  to  a  pen- 
dulum one  hundredth  part  of  itn  length,  wc  increfi'^e  tin.-  time  of  its  vihratiott 
very  nearly  uiie  twu  huiKimitlii.  But  since  ali  bodies  arc  expanded  )iy  hv&t, 
the  variable  temperature  of  the  atmosphere  must  nece^riiy  produce 
dbajnges  of  this  kittd  hi  the  ttotioM  «i  pcmdnlnms,  and  it  may  be  observed 
IktA  ^^dndt  ^mB mmemkAmtm'ikn^ta mmmm  iiuak  Sin 
mmm  Mw^mmAm  to»<farfligtt«wfciatfaiiiMttwor m aid 
fauiMwt  if  lupiialwii  pmlumi  tbott^bninatini^f  ihiiliilatt tewif 
the  upring  itself.  There  is,  however,  m  great  difFwenat  k  ffceiKpMMHilMiM 
«f  Tarious  «ubataaioe8 ;  dry  de^  js«riie  of  the  least  expansible,  and  is  theM» 
fore  often  used  for  the  rod«i  of  pendulums.  Brjiss  expands  one  part  in  a 
htmdred  thousand  for  ererv  dcQ^^  of  Fahrenheit,  or  a  little  more  or  less 
than  tliis,  accordint;ly  as  it  contains  more  or  lesa  zinc.  Glaiw  and  jdatina 
are  less  than  half  as  expansible  as  brass,  iron  about  ttvo  thirds,  and 
mercnzy  ttree  times  as  mnch.  A  pendnlwn  of  hnsa  weoM  therefore 

a|  Moeadi  In  n  isf :  a  Mmm  ngiM&i  \f%  wp^^mmiiL  Um  mvA 
vmk;  far  I  haf«  ohMWdl  tM  vftmMMi  ^vVflMl  ^Hft  «biliallf «( 

tfteel  have  lost  in  frequency  as  mnch  as  one  tm  URmsandth  part  for  n 
ningle  degree  of  Fdirenheit;  and  Berthoud  infonns  ns,  that  where  a  dock^ 
probnbl y  with  a  pMiAnim  of  ataely  kmm»  mmmM  hf  kmi^  a  isvirtch  kmm 

eight  nnnut<»«. 

Mr.  Grahurn  appears  to  have  been  the  first  that  attcm]it-cd  to  rompon- 
aate  for  the  eiiects  of  temperature  by  the  ditFerent  expansibilities  of  various 
■nhatoacto.  He  employed  IbrspaiAnlBm, «  tnbepaztly  filled  with  mer- 
mry ;  wImb  ^tnhavifMM  bjtha  dhdtft  hmt^  theaMfeniy  txpMM 
imiehin«N;io  fhititv  MaftMNi»«iMli»0BB4faAllM«nd^1]wpi^ 
dulua  -wm  difiMwd,  9Bd  the  centre  of  nWiiHili—  wmmintA  MilloMury.* 
This  mode  of  eoropeMnft—  ii  atUl  imMtised  willi  ncc^ ;  but  the 
gridiron  pendulum  is  more  commonly  used  ;  it  was  the  invention  of 
Harrison, t  who  conxhlned  Keven  bars,  of  iron  or  steel,  and  of  bra«s,  in  such 
a  maimer,  that  the  bars  of  brass  raised  the  weierht  as  miuh  the  bars  of 
iron  depressed  it.  At  present  five  bars  only  are  usually  employed,  two  of 
them  being  of  a  mixture  of  zinc  and  silver,  and  three  of  steel.  Mr.  Ellioottt 
wmtfmM^fmMmm  «llhe  oBtmrity  of  a  Ivnt,  wUAwm  tnpported 
Igr  a  pillar  ef  bfa«  meh  amm  to  tliefBlenuii ;  aa  the  pendnlnm  ex* 
yeaaeJ»ttee«def  ftelewwaeTatwdtolfaeeaine  jigtee^eadthewwght 

*  A  CoBtrlvaaee  to  avoid  OeTmgiilafHles  of  a  dock's  MoHon,  A.  TV.  1726. 

tXxir.  40. 

f  In  1726.  An  uocount  to  be  found  in  the  Mhmtea  of  the  Roy.  Soc.  for  1749, 
and  hi  Fh.TV.  ilvii.  ft21.  See  alse  Hsnfaenls  «oi]c»  with  pnAoa  hv  Msikeljoe, 
4to,  Lond.  1767. 

t  Ph.  Tr.  1752,  xlviL  479. 
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MBMined  «t  Its  original  dbtaM  from  liw  point  of  ■ui^gMim,  whkh  wm 
dttmniiied  by  a  fixed  platc^  tnmmitting  tlio  tloidor  flpriiig^  as  luoal,  1w- 
twaen  t  wo  opposite  edges.  The  same  eflRwt  is  prodiiced  more  sfani^y  hj 
snspending  the  pendulum  £rom  the  summit  of  a  bar  nearly  parallel  to 

and  of  the  ganu'  Hulistance  with  itself,  resting  on  a  fixed  .«i!y>|>nrt,  and  oither 
of  the  same  JciiL:th  with  the  pendulum,  or  a  little  longer,  acroHinirly  as 
the  distance  of  liic  lixtd  plate  from  the  point  of  support  of  the  i>ar,  is 
determined  by  materials  which  m&y  be  cousidered  as  nearly  of  au  iiiva- 
rialile  length,  or  as  liable  lo  a  certain  degree  of  c&pauaion.  (Plate  XVI. 
Fig.  210.) 

All  tibeee  matiiods  of  oompensatioiL  aio  peenliar  fo  cUtckB ;  for  waldui^ 

it  is  Qfoal  to  finite  together  two  mettils  wliich  differ  in  ej^ansibility,  so  as 
to  form  a  compound  plate ;  one  side  of  the  plate  is  commonly  of  steel, 

the  other  of  brass,  and  it  is  obvious  that  any  increase  of  temperature,  by 
causinir  thf  })ras8  to  expand  more  than  the  "^teel,  must  bend  the  whole  j)late. 
Such  a  plate  is  variously  applied  ;  Uie  most  accurate  method,  which  is 
employed  by  Arnold  and  other  modem  artists,  is  to  make  it  a  part  uf  the 
balanee  itsdf,  fixing  a  weight  on  its  extremity,  which  is  bionglit  naarcr  to 
the  centre,  by  tlie  increase  of  cnrvataxe  of  the  plate,  whsnaver  the  ex* 
paneion  of  tba  arms  of  the  balance  tenda  to  remove  it  further  oiF.  The 
best  way  of  maldng  the  plate  appean  to  be  to  turn  s  ring  of  alcel»  and  to 
immerse  it  in  melted  brass,  and  then  to  turn  away  what  is  superfluous  of 
the  brass.  The  magnitude  of  the  weight,  and  the  length  of  the  plate,  may 
easily  l)e  so  regulated  as  to  compensate  not  only  for  the  expansii»n  jiro- 
duced  by  hcni,  but  also  for  the  diminution  of  tlie  elasticity  of  the  i^pi  ing. 
Somt'timci^  also  a  plate  has  been  applied  in  such  a  way  as  to  shorten  the 
spring  when  the  tempeiuture  is  increased,  by  an  operation  sindlar  to  thai 
wliich  serves  to  regulate  a  common  watdi,  tike  clip  that  detennines  the 
eflfoctiTe  length  of  (he  spring,  being  moved  backwards  and  forwards ;  and 
a  similar  ellect  has  also  been  produced  by  dividing  this  dip  into  two  part^ 
one  of  which  is  fixed  to  a  compound  plati^  and  b  made  to  approach  the 
other,  so  as  to  confine  the  spring  more  narrowly  and  thus  diminieh  its 
length,  upon  an  increase  of  temperature.    (Plate  XVI.  Fig.  211.) 

The  flexure  of  a  compound  plate  has  also  been  applied  in  a  simple  and 
elegant  manner  by  Mr.  NicholHon  to  the  pendulum  of  a  clock,  by  causing 
it  to  support  the  upper  extrcuiity  of  ike  pendulum.  The  plate  is  placed 
hoiiaontally,  the  bnss  being  uppefnost»  and  sanies  the  pendulum  in  the 
middle,  wliile  the  ends  restcn  two  fixed  points^  of  wUch  the  distance  maj 
be  adjusted  with  great  aoeuracy,  eo  that  when  the  temperature  Is  in- 
creased, the  onrvatnrs  of  tlie  plate  may  raise  the  rod  of  the  pendulum, 
enough  to  keep  the  weight  or  bob  at  a  constant  distance  below  the  fixed 
point,  which  detennines  its  upper  extremity.    (Plate  XVI.  Fig.  212.) 

The  resistance,  oi)})Osed  to  the  motion  of  a  pendulum  ><y  the  air,  affects 
in  iiome  degree  its  velocity,  and  the  variation  of  the  den  ity  nf  the  atmo- 
sphere must  therefore  also  produce  some  irregularities  m  timekeepera : 
they  are,  however,  too  snaU  to  be  ssnsfUe^  Derhau*  firand  tliat  the 
resistance  of  the  air  accelerated  the  motion  of  a  half  second  pendulum 

•  Ph.  IV.  1704,  nhr.  1785. 
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about  ftor  vibralloiiB  in  an  Iionr,  hy  fflmfaMtfng  fha  an  in  whidi  it 
Tibnted :  and  whtn  the  vlbfatlona  mm  restored  to  theiv  original  magni- 
taitf  the  lariataace  of  the  air  produced  a  retardstion  of  e(|^  vibratioiia  in 
the  same  time.  But  a  heavy  penduhiiiiy  filnatiiig  in  a  amall  af^  ia  Ytay 

little  aflfected  hy  thia  resistance. 

Besides  these  more  essential  parts  of  the  watchmaker's  art,  there  are 
several  subordinate  cousideratioiis  whicli  rcfiuire  his  attention;  the  striking 
part  in  particular  occupies,  in  clocks,  and  in  repeating  watches,  no  incon- 
uderable  portion  of  the  bulk  of  the  machine.  But  the  apparatus  employed 
on  these  occasions  leqidres  neither  refinement  of  invention  nor  delicacy  of 
ezeention.  In  old  dooki^  tha  number  of  hours  stnick  is  nsnally  deter- 
mined by  the  revolution  of  a  certain  portion  of  a  wheel,  wliich  snppcnts  an 
aim,  and  allows  the  hammer  to  strike^  until  at  a  proper  time  it  falls  into 
a  notch.  In  watches,  and  in  more  modem  clocko^  the  same  effect  ia  pro* 
duced  hy  meoriH  of  a  Mpirnl  of  12  teeth,  revolvinof  nnee  in  12  hours. 

It  is  of  conaiderahie  importance  to  the  accurate  {h  rf- innaiifp  of  a  c^ood 
clock,  that  it  should  he  fimily  fixed  to  a  solid  suj»port.  Any  uiisteadiuess 
in  the  support  causes  the  point  of  suspension  to  follow  the  motion  of  the 
pendulnm,  and  enlaigea  the  diameter  of  the  cirde  of  which  the  pendulum 
describes  an  an ;  it  miul»iherefon»tend  in  general  to  lelaid  the  motion  of 
the  dock.  Sometimea^  however,  an  unateady  snppoft  may  be  of  sach  a 
nattii-e  as  to  accelerate  the  motion;  and  an  observation  of  tUs  kind,  made 
by  Berthoud,  haa  augprestcd  to  Benunilli  a  theory  of  compound  vibcatbrn^ 
which  may  perhaps  be  true  in  some  cases,  but  is  by  no  means  universally 
applicahle  to  evorv  case.  On  account  of  some  circumstances  of  this  kind, 
it  happens  that  ^vhen  two  clocks  are  placed  near  each  other,  and  rest  in 
some  degree  on  tiie  same  support,  they  have  often  a  remarkable  effect  on 
each  otlier's  vibrations,  so  as  to  continue  going  for  several  days,  without 
varying  a  single  second,  even  when  they  wonid  liavedifiered  considerably 
if  otherwise  sitoated :  and  it  eometimea  happena  that  the  elodc  which  goca 
the  more  dowly  of  tiie  two  will  set  the  other  in  moUoo,  and  tihen  stop 
itself ;  a  circumstance  which  haa  Iteen  axidained  from  the  greater  frequency 
of  the  vibrations  of  a  circular  pendulum  when  confined  to  a  smaller  arc,  the 
tendency  of  the  pendulums  to  vibrate  in  the  same  time  causing  the  shorter 
to  describe  an  arc  continually  larger  tivtd  larger,  and  the  longer  to  contract 
its  vibrations,  until  at  last  its  motion  ritin  ly  ceases.*  This  sympathy  has 
some  resemblance  to  the  alternate  vibrations  of  two  scales  hanging  on 
the  same  beam,  one  of  which  may  often  be  observed  to  stop  its  vibrations 
when  tile  otiier  begins  to  move,  and  to  lesome  its  motion  when  its  com- 
panion is  at  rest;  but  it  is  still  more  analogous  to  the  mutual  influenoe  of 
two  strings,  or  even  two  oigan  pipe%  whicli,  though  not  separatdy  tuned 
to  a  perfect  unison,  still  influence  each  other's  vibrations  in  such  a  manner 
aa  to  produce  exacUy  the  same  note  wlien  they  sound  togetlier, 

•  EUicott,  Ph.  Tr.  1739,  p.  126,  describes  the  interference  of  two  pendulums— 
Oe  one  set  tin  oCber  In  notisn— the  ens  Stopped  the  other,  fte. 
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LECTURE  XVill. 

ON  lUJSINO  AND  BEMOVINO  WBIOUT&. 

Thk  methodical  arrangetnent  of  our  eubject  leads  tis,  aflor  having  con- 
tfdend  the  Uodlficfttioiis  of  force,  to  those  machines  which  are  intended  for 
t6indmdShg  it^  or  for  prodticing  motifm  111  o|»p<«itIoti  to  an  esd^ng  force. 
Tlw  rfinplMt  itf  Am  fterees  to  Ve  eonntenetod  ts  gnvitatioiv  and  ft  is  one 
of  lh«  moii  cnmwm  employmeiAs  of  mecluudia^  poivien  to  Miae  a 
from  a  lower  to  a  higher  situation.  This  operation  is  alao  intimately 
fnnnected  with  the  modes  of  overcoming  the  corpuscular  force  of  fKctiollor 
adhesion,  which  constitutes  the  principal  dlfficnlty  in  removing  hodiea 
tiorizontally  from  place  to  place  ;  for  if  we  had  only  to  produce  motion  in 
an  unresisting  mass  of  matter,  a  lnndt.1  watrcron  might  in  time  l>e  drawn 
along  by  a  silk  worm's  thread.  The  raising  and  removing  of  weights, 
fhcfdbre,  togeflier  wiflilhe  nodea  of  avoiding  friction  in  general,  constitute 
Ibt  Bmtpart  of  the  aahjeet  of  the  oooiiteractio&  of  {bicea,  and  llie  TemaSu- 
ing  pari  idaiea  to  the  madiitieiy  Intended  for  otenoliilng  the  Other  eo»- 
ptuKnlar  powers  of  hodiea  hj  ancih  operations  as  w  ealoolaled  to  ehaiig» 
their  external  forma. 

Machineo  for  raising  wcicrhts,  which  involve  only  the  meclianics  of  solid 
ho.JieH,  are  principally  Ipvers,  capstans,  wheels,  pullic?,  iTiclined  planeSf 
screws,  and  their  vari(Mix  i  (.mhiuations  in  the  form  of  cranes. 

A  lever  is  a  very  simple  instniment,  hut  of  most  ext*»nsive  utility  in 
xaidng  mights  to  a  small  height.  We  may  recollect  that  levers  are  distin- 
goiahed  into  two  piineipal  Mnd^  aoeordingly  aa  the  power  and  weight 
are  on  dlflerent  sidsa  or  on  the  sane  side  if  the  Ihlcfun ;  tiie  toreM 
counteracting  each  other  hdng  in  the  one  case  in  tiie  aame  dli^stion,  ht  thft 
other,  in  opposite  directions,  ^ns^  when  a  man  lifts  a  stone  by  means  of 
a  lever  of  the  first  kind,  resting  on  a  fulcrum  between  himself  and  the 
stone,  he  presses  down  the  end  of  the  lever,  and  the  utmo«t  force  that  he 
can  apply  is  equal  to  the  whole  weight  of  his  body  ;  but  when  lit  tlimsts 
tiie  lever  under  the  stone,  so  that  its  extremity  Wars  on  the  ground,  it 
heeoOMa  a  lever  of  the  second  kind,  and  in  order  to  raise  the  stone,  he  must 
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Idadof  Imr  pcwiMw  hm  a  teBipoiH7«dfMitag»  orcrtiit fial ;  iTthon^t; 
if  Hn  afnUiMi  wnt  wmtinued,  th«  workman  wouU  fe»  JWii*  Ctfigued  by 

taising  eran  the  same  weight  by  thi«  method,  than  if  he  could  oonvemcaitly 

apply  his  weight  to  a  lever  of  the  first  kind  :  and  for  thia  purpose,  croMb 
bars  have  sometimes  been  af!(loLl  t<>  levor^^,  in  order  to  enable  several  work- 
men to  tttau<i  <iii  tlieiji  With  advautaij*!  at  onc<\    A  Ijeut  lever  operatea: 
precisely  with  the  uame  power  aa  a  straight  oute,  pruvuduU  thai  the  ioxvm  b». 
applied  in  a  similar  manner  ya£k  XH9MI  taita  ann».:  and  in  aU  oiAee^  th», 

pap»te«fMtefr«ntli»fidcniia.  Sew  atf Moaqf  la— t  k  imimwy.  fag? 
mrooning  ttie  equiUbrium  wtd  psadmrng  miHn^  M.tltf  ^h^.j  ikm 
motion  beiqg  tridflMfcogmnicih  omjnjwwMti^  »  wwJlpitpnBJwimf  iMim^yt 

aufficient. 

The  principal  inconveuience  of  the  lever  is  the  <;hort  extent  of  its  auction  ; 
this  may,  iiowever,  be  obviated  by  means  of  the  inveution  of  I'errauit,^ 
in  which  two  pina  are  fixed  in  the  lever,  at  a  sh[>i-t  distance  from  each, 
other,  sliding  in  two  pairs  of  vertical  grooves  provided  with  ratchfit^  so  that 
wImk  Iktt  ksf      «f  till  kver  if  f«Uei  byt  aoAM  itf  a  rope,  ^ 

iotvit'aii  »fakM^«od  t]i»]ii4iit4teiilmla«lmM 
witit  tii«  weight  and  is  dcteined  in  ita  plaee  hj  th0  didc ;  Imt  wImh  tfan 
wtffm  m  t\wikmvi4t  the  weight  sinks  a  Uttli^  and  liiaea  th«  pia.  which  fifst 
aarvedaaafolcnun,  toaiugherplaceiniWglNifMw  The  same  e&ela  mgpr 
aleo  ba  produced  by  catches  or  clicks  resting  upon  ratchets  on  the  op|K)9ite- 
sidea  of  a  single  upright  bar,  wliich  pa«»es  thi*oii«afh  a  perforation  in  the 
lever.  There  must,  however,  ]n>  l  cunsiderahle  loss  of  force  fmilLth&ISCI^Tt 
tinual  iutermiaeiou  of  the  moliun.    (Plate  XVll.  Fig.  213.) 

An  vrith  a.  wilk«b»  tha(  tL  lerwr  bent  at  the  eod„  ia  known  from: 
Om  aiMDM  nidUq*  for  nUiiff  «;lMdMl  AymMim 

totberadiu*  of  the  a»«  h41  tli«tyf)aMM4lllMlil|l^ilkiAW»aai9tM 

it  with  the  arm  of  the  lever. 

Sometimes  the  wpii^ht  of  a  re*»*rvoir  or  bucket  of  water  is  employed  fof» 
raising  another  l)ucket,  hUv.i  wiih  ruals  or  other  matorial;^,  l)y  means  of  a- 
rope  or  chain  coiled  rv)uiid  ;l  cylinder  or  tlriim,  or  two  dninis  of  dirtfikiait 
si^es.    Jiwi  machiuv  is»  caJUed  a  water  wliimsey :  when  the  bucket  of 
nvler  ha^  n«ij|fd  Urn  botlonv  a  Ta]jr«  ia  openad  by.  atcikiug  agaiwA  a.pi% 
wdktewltbAiiite  U » iMriiiiw  c|.  ikh  ld»A  m^fnik  ia  Urn  Dnktt 
of  Briifiratn'«  «m1  voiIbs tli»  tntmhdmtmiB  ihiftf  yv4M  and  xiiita  a 
nualler  quantity  of  C4>al8  from  a  dfplk  «C  flivlgF*  la  indb  otfl«a»  supposing 
the  action  to  ht  a«gMb      iha.tteeam  of  water  It  ba  uiMMpk^ed  during* 
the  descent  of  tlM  reservoir,  a  considerable  preponderance  may  be  advan- 
tageoui»ly  employed  in  giving  velocity  to  the  weighted  pXftvidAd  tha^  th#u 
machinery  be  not  liable  to  injury  from  their  impulse. 

An  erect  axis  or  drum,  turned  by  the  force  of  horses  walking  in  a  circle, 
ia  used  for  raising  coals  and  other  weights,  and  is  c&hed  a  gin,  probably  by 
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oomiptkm  ftom  oigfiM :  Uw  bndoefei  beiog  attaehad  to  tha  diipiMllte  ebds  of 
a  lopt  iridch  ptMBB  nmiid  Hit  dnun,  and  whioh  ia  dnwn  ligr  maam  of  its 
adhesion  to  tlie  drum.  One  of  the  buckets  descends  empty  while  the  other 
is  drafrn  up  full,  and  when  the  motions  of  the  buckets  are  to  bo  changad, 

thr  horsos  nre  tnnioH,  or  the  wheels  are  made  to  impel  the  axia  in  A  eOB- 
trary  dirtftirMi  whei^  .iuy  other  movinq'  power  is  employed. 

When  a  ahip'K  anchor  is  weiijhed,  the  cable  itself  would  be  too  larpe  to 
be  bent  round  the  capstan  ;  it  is  therefore  connected  with  it  by  means  of  an 
andleaa  rope,  called  a  messenger.  As  the  meawoger  ia  ooilad  roond  iht 
lowar  part  of  the  capstan,  it  quits  the  upper  part ;  so  tiiat  ita  idaoa  bsoomaa 
lower  ai)d  kww,  till  at  laat  it  baa  no  longer  room  on  tba  eapatan ;  it  ia 
theiafore  necaasaiyto  force  it  up  from  time  to  time :  thia  ia  called  snrgiiig 
the  messenger ;  it  is  commonly  done  by  beating  it,  and  to  facilitate  the 
operation,  the  cap«itan  is  made  somewhat  conical.  It  has  been  proposed  to 
enij»1'>y  lifters  in  different  parts  of  the  circumference,  which  are  raised 
once  in  each  revolution,  by  passing  over  an  incliiu  i  j  lane,  with  the  inter- 
position of  friction  wheels  ;  a  patent  has  been  tak<.  u  out  for  the  invention, 
and  it  has  already  been  introduced  in  the  navy.  Some  experienced  judges, 
howerer,  am  of  opinion,  thai  it  would  be  better  and  mors  simple  to  employ 
a  capstui  so  mncb  tapoed  that  the  tenmon  of  the  rope  itself,  goided  only 
by  a  pulley,  might  always  be  anffident  to  bring  the  meroenger  into  ita 
place.  • 

The  capstan,  which  consist  of  two  cylinders  of  difierent  mzes,  on  the 
same  axis,  with  a  rope  passing  from  the  Frmaller  one  over  a  pulley  which  is 
connected  with  the  weight,  and  returiiinG:  to  he  wound  up  by  tiic  larger  onflj, 
is  very  po^^  (  rful  in  its  operation  ;  hut  it  iv^uirus  a  great  length  of  rope  for 
a  small  extent  of  motion.    (Plate  IV.  Fig.  51.) 

Wheelwork  b  employed  in  a  variety  of  ways  for  raising  weights :  its 
powers  are  in  all  caaea  derived  from  tlie  aame  prindples  aa  the  actiona  of 
levers,  eadi  wlieel  and  pinion  being  considered  aa  composed  of  a  eeries  of 
bent  leTSrs  of  which  tlie  axis  ia  the  common  foloinm,  and  which  act  in  aoo- 
oessi<m  on  the  teeth  of  the  next  wheel.  The  simplest  combination  of  wheel- 
work  used  for  this  purpose  constitutes  a  jack ;  a  bar  winch  is  furnished 
with  teeth  on  one  side,  being  raised  by  the  last  pinion.  Such  instruments^ 
were  not  unknown  even  to  the  anciente  i  the  barulcust  described  by  Hero 
a  machine  of  this  nature. 

A  series  of  buckets  connected  by  ropes  and  passing  over  a  wheel,  is  often 
employed  for  raising  water  to  a  smidl  height,  and  sometimes  even  for  sdid 
onbetancea  in  the  state  of  powder,  in  particular  for  raising  fionr  in  a  com 
mill ;  and  in  ibis  caae  the  floor  mnst  be  broogbt  within  reach  of  the  bncketa 
by  means  of  a  revcfviqg  ipiral,  whidi  pushes  it  gradually  forwards. 
When  a  wdght  of  any  kind  ia  raised  in  buckets  distributed  through  the 
drcnmference  of  a  wheel,  the  force  required  for  retaining  tlie  weight  in 
equilihrium,  is  as  much  lesa  than  the  weight,  as  the  diameter  of  a  circle  is 
less  than  half  the  circumference,  the  remainder  of  the  weight  beilig  sup- 
ported by  the  axis  of  the  wheel. 

*  Sec  Hamilton's  Rep.  of  Arts,  ii.  II.  126. 

t  Brugmani,  Commentat.  Gott.  1784,  vii.  M.  7ft. 
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PnUiai^  end  fhflir  wmUaaHkm  la  bIoc1c%  sm  nnhinally  employed  on 
loud  of  ahipi.  Thoy  aMTecycoiiTViuent  whtraoidjaiiiodintoinenM 
of  power  is  reqi^xod ;  Imt  in  order  to  proeim  a  rwy  grat  adrantage,  the 
mualMr  of  separate  pullies  or  sheaves  must  be  very  much  mtiltiplied  ;  a 
great  length  of  rope  must  als<j  be  employed  ;  and  it  is  said  that  in  a  pair  of 
Uocike  with  five  pullies  in  each,  two  thirds  of  the  force  are  lost  by  the  £ri<^ 
lion  and  the  rigidity  of  the  ropes.  The  inconvenience  resulting  from  a 
large  number  of  ])ulHes,  may,  however,  as  we  have  already  seen,  be  con- 
siderably lessened  when  tliey  are  arranged  in  Mr.  Suieaton's  manner,*  the 
■eCing  rope  being  intiodveed  bn  tilt  middle,  so  ae  to  canae  no  oWquity  in 
the  Uoek.  TWsklei^  or  eomtinatioiiB  of  pullfee  for  ndeiiig  weights,  are 
moet  eouveniently  sappotted  on  ehore  by  means  of  ahean^  wfaidi  oonaiat  of 
three  rods  or  poles,  resting  on  the  gronnd,  and  meeting  each  other  in  the 
point  of  suspension.  For  raising  stones  in  building,  two  poles  are  em- 
ployed, vnth  a  Tope  fixed  to  their  snmmit  wliich  keep**  tljem  in  a  proper 
position  ;  their  lower  ends  are  usually  connected  by  a  third  pole  which 
nerves  as  an  axis.    (Plat^  IV.  Fig.  6G.    Plate  XVII.  Fig.  214.) 

Sometimes  a  pulley  is  drawn  horizontally  along  a  frame,  setting  out 
from  the  point  where  the  rope  is  fixed,  so  that  while  the  bucket  is  raised, 
it  is  also  ttansfened  diagonaUy  to  the  oppodto  end  of  tiie  8eaffi>lding. 
Tills  appamtns  is  used  in  some  of  tlie  Comish  stream  woiIbb^  in  whidi  the 
earth  of  a  whole  valley  ■§  raised  in  order  to  he  washed  for  tlie  s^aration  of 
tin  ore.   (Plate  XVII.  Fig.  215.) 

A  fixed  inclined  plane  ia  often  of  use  in  assisting  the  elevation  of  great 
weights  by  means  of  other  maf^hincr}'.  It  is  supposed  that  in  all  the 
edifices  of  remnt^'  antifjnity,  \vliere  great  masses  of  stone  were  employed, 
as  in  the  pyramiJa  of  Kgypt  and  the  druidical  temples  of  this  country, 
these  vast  blocks  were  elevated  on  inclined  planes  of  earth,  or  of  scaffold- 
ing, with  the  aseistanGe  also  of  levers  and  roUeca.  Inclined  planes  are 
frequently  need  for  drawing  hoats  out  of  one  canal  into  another;  and 
■emetimee  the  local  oircnmstances  an  such  that  this  may  be  done  with 
great  convenience,  meniy  by  allowing  a  loaded  boat  to  desoend  and  to  torn 
the  aads  which  raises  an  empty  one.  An  example  of  this  may  be  seen,  on 
a  large  scale,  in  the  Duke  of  Bridgwater's  canal.t  This  canal  is  extended, 
above  ground,  for  forty  miles  on  one  level :  an  underground  navigation, 
twelve  miles  long,  joins  it  at  Worsley,  leading  to  the  coal  mines  under 
Walkden  moor.  At  a  height  of  yards  above  this  is  another  subter- 
raneous portion,  nearly  six  miles  in  length.  The  connection  between  these 
leveb  la  formed  by  an  indhud  plane ;  the  boats  are  1st  Sumn  leaded,  and 
proceed  three  miles  along  the  tonnel  into  the  open  canaL  The  indined 
plane  ia  fiscsd  in  a  sfcratam  of  stonOi  which  fortnnatdiy  Saa  the  moet  eligible 
inclination  of  1  in  4,  and  is  S8  yanls  in  thiclmess,  affording  the  most  ad- 
fantageous  means  of  fixing  every  part  of  the  machinery  with  perfect 
security.  The  whole  length  of  the  pbine  is-  151  yardfl^  besides  aloclcof 
18  yards  at  the  upper  end.    (Plate  XVII.  Fig.  21(;.) 

Inclined  planes  are  also  universally  employed  for  facilitating  the  ascent 
*  Ph.  Tr.  1751,  p.  494. 
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of  heights  by  men  or  by  animals ;  they  ■wOpflUlMirke  itnifonn,  as  roads, 
or  the  general  inclination  of  the  surface  ntay  be  superseded  by  the  for- 
mation of  separate  stops  nr  stairs.  The  inclination  of  the  surface  may  b© 
governed  by  tin  }>riipurtion  of  the  streugiU  if  tlie  animal  to  its  weijfht, 
the  force  required  to  support  any  weight  on  a  plane  being  to  the  whole 
weight  aa  the  height  of  the  plane  to  its  length ;  and  if  the  phme  be  a  littla 
lMi;iMliB«d  ibui  Ilia  flBBMt  a^vUiMun.  mwdd  require,  th»  wmatX  will  U 
ahteto«aq;«ii#a«iflioiMii  valoeityal  W  cany  it  Mlf  tha  aaianl 
iritfi-» .imrtian  naady  afiwbtok  ThaitewgHbol-Kldb— iwrmy  li»adfH 
Itgaoualy  employed  in  aawiUny  \  fli'vai  hdgbt  by  a  flight  of  steps^  and 
flacing  himself  on  a' stage  which  may  raise  a  weight  by  its  descent ;  but 
it  appears  thai  tbft  imw  of  <Am  tmiiialii  la  kaa  oakinlatwi  im  envtaaiui 
of  this  kind. 

The  screw  is  not  often  iiuinodiately  rifipUed  to  the  elevation  of  weightj* ; 
although  sometimes  a  b umber  of  screws  have  been  used  for  riusiag  by  slow 
4i(gvw8  alarga  a»d nmnani^eaMe  weight,  for inalaaoa^  that  of  an  ohaKnt 
and  a  perpatoal  Mmr  it  ftaqmtiy  employed  in  giving  mt/Hurn  to  wktdi 
wofkk  Sufli  iMiiliiKas  pcsMaa^jcoiMUbnUa  maaluHiioiil  id^nntaft^  Int 
they  are  subject  to  midk  fiMon^  and  are  deficiaat  in  durability.  Hri 
Hunter^s  double  wreW'njg^  be  applied  with  advantage  if  the  extent  of 
the  motion  required  were  extremely  snail;  haL  tfaia  limitation .contoan Ha 
lUiUty  within  very  narrow  bounds. 

A  crane  is  a  machine  for  rni^int?  w rights  by  means  of  a  rope  or  chain 
descending  from  an  arm  vvliich  is  capable  of  horizontal  motion,  and  passing 
aver  a  . pulley  to  be  wound  up  on  axis.  The  axis  is  turned,  etUier  imr* 
mriialfaBjj,  «r  with  Aa  intavpMntitfL  of  wkadvwk,  by  a.irfftch,  by  tiM 
iMriMntal  Im  of  4  win^Mi^,  or  by  n  unlking  whail»  and  aaneliBMohj 
tht  fern  <rf  TOd»  of  ynkt,  cr  of.  AmlUngr        ^  '^^^▼■^ 

ti^Bona  node  of  employing  tfio.tlrength  of  a  labourer,  but  the  balk  of  tin 
machine  iaittpuiiinfla  inconvenient  and  detrimental ;  when,  however,  the 
man  walks  upon  the  wheel,  and  not  within  it,  this  objection  is  in  great 
measure  obviated.  A  walkiiif;  wheel  rec]nir<>s  to  be  provided  with  soma 
method  of  i>reventing  the  daiigerous  conse(iuences  of  the  rapid  descent  of 
the  weight,  in  case  of  an  accidental  fali  of  the  labourer :  for  this  puj^use, 
a  catch  i»  usually  employed,  to  prevent  any  retrograde  motion ;  n  bar  Iwi 
alio  fonotiiBei  baen  ■oapeaM  firom  Um  aziaof  fbowbad,o&i«ldalitiM 
niaii  nay  aaniort  hinielf  vith  bandv  wft  oHur  rimiiiatiufaMBil— 
bnva  baaa  adopted.  Benriimea  the  plaae  of  a,mikiny  whedl  Sa  bot  ISttlo 
inoUned  to  the  horizon,  tmA  the  nan  tialkt  eft.  idi  iat  suzfaoe.  In 
either  can.  the  labour  of  hones,  assets  or  oxen,  may  be  substituted  for^ 
that  of  men  :  but  for  cranes  this  substitution  wotild  be  very  disadvan- 
tageous, since  much  furce  would  be  lost  iu  stopping  £re  juently  so  bulky  a 
machine  as  would  be  required.  The  employment  of  a.  turnspit  dog  is  an 
humble  example  of  the  same  operation,  and  even  goats  appear  to  have 
been  lonietimei  made  to  dimb  in  nidmikr  meaner  In  a  wnHdng  irimA 
need  for  raisii^  water  ai  CaciBbfook  CacUe^  in  the  Isle  of  Wight,  the'woik 
wae  peifonned  by  tfie  eeme  individnel  ase  for  the  wbole  of  foily-ftvciyean 
preceding  1771.  WaUditg  wiieele  have  aln  been  iaweted*  oa  whidi  bonee 
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win  to  aofc  txttmillj  wilh  their  fott  fMt  or  Mud  feet  only ;  but  they 
have  eeMon,  if  «v«r,  been  appUod  to  pnwtleal  purpoeee.  la  general  H  Is 
■dTiaable  tfaet  willjiig  whode  iast  quMbupede  ehonld  piewni  to  tfaeia  a 

path  as  little  elevated  as  poerible ;  and  it  mig^  proboUy  be  of  advantage 
to  harness  them  either  to  a  fixed  point  or  to  a  qmng  or  weight,  which 
would  enaWe  thpm  tn  exert  a  considerable  forre  even  in  r  horizontal  direc- 
tion ;  hut,  probably,  after  all,  they  might  be  more  advantageously  employed 
in  a  circular  mill- walk.    (Plate  XVII.  Fig.  217.) 

Mr.  White's  crane*  affords  a  good  specimen  of  an  oblique  walking 
whad;  the  fnee  may  be  varied  Moordingly  as  the  labourer  etande  at  a 
pobi  mora  or  leeediataat  from  thaeentn;  and  in  order  to  avoid  aeeidente^ 
a  break  ia  always  aotiqg  on  the  aade  of  the  wheel  by  ite  fiMon,  oaeept 
when  it  b  removed  by  the  pieeenre  of  the  man's  hand  on  a  lever  npon 
which  he  leans  as  he  walks.  The  force  is  also  varied  in  some  craaee  by 
changing  the  pinion  which  acts  on  the  principal  wheel,  and  an  expanding 
dnnn  has  heen  contrived  for  the  same  purpose,  consisting  of  n  niimbrr  of 
bars  moveable  in  spiral  grooves,  so  as  to  form  a  frreater  or  smaller  cylinder  ^ 
at  pleasure.  In  order  to  place  the  weight  in  any  situation  that  may  be 
required,  the  pulley  may  be  made  to  slide  horizontally  on  the  gib  or  arm. 
(Plate  XVn.  Fig.  218.) 

A  model  of  a  cnne  waa  eahibited  eome  yeare  ago  to  the  Royal  Soeiaty» 
fa  whSdi  a  laige  wheel  tod  to  a  short  axis  was  made  to  roll  round  on 
a  plane^  while  the  lower  end  of  ite  azia  waa  oonnected  by  a  joint  with 
another  aada  in  a  veitieal  poeition :  then  tho  wheel,  having  to  describe  a 
circumference  somewhat  larger  than  its  own,  was  turned  slowly,  and  there- 
fore powerfnDy,  round  its  axis,  and  the  motion  was  conmiunicated  to  the 
fixed  axis.  The  machine,  however,  appears  to  be  more  cuiioas  than 
nsefuL 

Sometunes  a  steelyard  has  been  combined  with  a  crane,  for  weighing 
goode  at  tha  eame  time  tbit  tiiey  an  laleed  by  it.  A  email  erene^  fixed  in 
a  earrbge,  is  oonveoiait  for  loading  and  unloading  gOode.  In  Fianoc^  the 
oaits  need  on  the  whaife  are  generally  so  long  aa  to  reach  the  ground  be* 
hind  when  depressed,  and  to  ftiinidi  an  inclined  p]ane»  along  which  the 
goods  are  raised  b  y  a  lever  and  axis,  or  a  kind  of  capstan,  fined  in  front. 

For  taking  hold  of  stones  which  are  to  be  raised  by  means  of  a  rope,  a 
holp  \^  fvimetimos  formed  in  them,  wider  within  than  at  itf^  oj)onini^,  and  in 
this  a  lewis  is  inserted,  consisting  of  two  inverts  ^vl■^]L:es,  s*  paruted  by  a 
plug,  U)  which  they  are  fastened  by  a  pin.    (Plate  XVII.  Fig.  21U.) 

When  a  rope  or  chain  which  is  to  raise  a  weight,  is  so  long  as  to  reqnire 
a  oonnterpoise,  the  ellbct  cf  this  may  bo  varied  aoeording  to  the  length  of 
tho  rope  which  is  nnbent,  by  hanging  it  on  a  eeeond  rope  or  dudn,  which 
aeta  on  a  spiral  ftisee,  dowly  tamed  by  a  wheel  and  pinion. 

Tho  nae  of  cranes  is  so  exteniivo  and  so  indispensable^  thai  tluir  fenna 
hava  bean  often  multiplied  on  account  of  local  circumstaneee^  or  even  from 
caprice ;  hut  the  constructions  which  have  been  described  appear  to  he  of  the 
most  general  utility,  and  from  them  it  will  be  easy  to  judire  of  others. 

When  weights  of  any  kind  are  simply  to  be  removed  from  one  situation 

*  Trans,  of  the  Soc.  of  Arts,  z.  230. 
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t»  Aotfaflr^     mosfc  Dfttaxal  and  obTiflUi  mtlliod,  if  finj  an 

mxty  tkan.  'Riere-ls*  kowevWy  some  acope  for  tbtary  errm  in  this  eommn 

4l|>erAtiDn,  and  we  hare  seen  Aai  calctUation»  hmre  hivn  made  in  order  to 

detcrminf'  the  most  nrU .int;iL.'»v>tis  Tninlen  for  a  porter  to  carry,  Imt  the 
expcrtence  of  a  few  trials  would  in  fjencral  be  a  ]>rttpr  crtiif^f*.  Somf  cAvry 
wei^jjhts  on  their  heiids,  others  on  tlieir  shouhlerH,  others  low  down  un  their 
backs  ;  and  accurding  to  the  flitnation  of  the  burden,  they  bend  forwardii 
or  Iwelcwardj^  m  fbai  thft  oonunon  centre  of  gravity  of  the  weight  and 
tihe  bod^  eoDMB  inmedialdy  or  f&ry  imAy  over  mom  {Mut  of  tlio  ground 
Intweoa  lliow  ImL  The  diAeullgr  of  eanying  a  w«i^  nt  Oe  axtnnuty 
ol  a  kng  rod  is  eaoQy  luderatood  from  Hm  propeitiei  of  tho  lever,  and 
the  same  principles  will  enable  iia  to  dctariiiDe  Hm  dietribntion  of  a  load 
between  two  porters,  in  w  hatevcr  way  they  may  carry  it.  Supposinsr  tlie 
weight  to  l»p  |>lHfTd  ttn  n  porter'^  horse  or  hand  barrow,  and  at  ecpial  dis- 
tances froiii  liuili  exUeoiities,  each  of  the  men  will  support  an  equal  portion 
of  it ;  but  if  it  be  nearer  to  the  one  than  to  the  other,  the  load  will  l)€  dra- 
tribnted  in  the  same  proportion  as  the  poleN  are  divided  by  thoeaotifrof 
the  bardm*  For  .instanoo^  if  the  wdght  woro  flOO  poandi^  and  H  weva 
an«  fool  diatant  fiBont'liie  ono^  And  lira  tan  tfaa  othor,  the  lint  woiddlmTa 
to  cany  200  poiuida»  and  the  eeoond  100.  If  the  porteit  aacetid  a  hill^  or 
a  flight  of  steps,  the  distribution  of  the  load  will  remain  the  same,  provided 
that  the  centre  of  the  weight  lie  in  the  plane  of  the  poles.  But  if  the  weight 
consist^i  of  a  buiro  body  pbu'od  on  that  plane,  the  centre  of  gravity  bei'i^: 
above  it,  ila  i  tii  1 1  of  an  incliuation  to  the  hori/on  rnay  materially  cli  ntge 
the  diiitriiiutiou  ui  the  load,  since  the  pressure  will  ahvays  be  detenuined 
by  the  distance  of  the  ends  of  the  poles  fi-oni  the  iiue  pastiing  perpendii^- 
kdy  tfannglitiioonitreof  gnvity ;  so  fliat  if  tho  elevation  were  aaAdanlt 
the  whole  harden  migbt  rest  on  the  lower  porter.  And  in  the  eame  manMe^ 
if  the  weight  were  suspended  below  the  polco»  the  inclination  would  oanse 
a  gr^iter  proportion  of  the  load  to  be  borne  by  tiie  vppet*  porter.  The  iivoe 
is,  however,  only  thus  distributed  as  long  ai  the  arms  of  the  porters  oon^ 
tinue  parallel  to  each  other ;  but  the  inequality  would  naturally  bo  lessened 
by  a  change  of  tlir  directions  in  which  they  would  act;  it  would  only  be 
necessnrr  that  lliusti  directions  should  meet  in  sonic  part  of  the  vertical  line 
*  passing  tJarougii  the  ceiitre  of  gravity  ;  Uie  magnitude  of  each  force  w  ould 
tiien  he.doUnained  by  the  length  of  the  ride  of  a  triang^  oarowponding  to 
ila  direelioB,  andr  the  load  mif^  be  either  equally  or  naeqUefly-divided^ 
aeoor^  to  the  peiitionael  the  anaa.  (Hade  XVU.  Fig«  22(l»  221.) 

A  man  can  oiity  in  genend  a  weight  four  or  five  times  as  gnat  aa  that 
which  he  can  raiae  eeotiimally  in  a  vertical  direction  with  the  same  velo- 
city :  so  that  wc  may  consider  the  resistance  to  be  overcome  as  a  kind  of 
fric-tion  wliirb  amounts  to  about  a  fourth  or  a  fifth  of  the  weight,  if  we 
nttt  inpt i  .i  t  t  1  raw  a  weight  along  a  h(»rizontal  surface,  the  resistance  of 
the  surface  would  often  not  only  unpede  the  motion,  but  also  injure  the 
teaiture  of  tlM  substanoe  to  be  moved.  Thie  injury  may,  however,  be 
avoidai  hy  the  interpeailioii  of  a  timple  Urania  or  dray»  and  the  dray  may 
be  innad  with  a  nhalanee  subject  to  little frielioliy  as  with  inni  Uie  frio- 
tion  may  also  be  eomewhai  fiirther  diminished  by  making  the  outline  of 
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lliedny  ft  little  oohtcx  iMifew,  flo  that  a  dight  agiCatiQiL  ina^r  lie  eontiiuiall j 
poduoed  dmliig  its  motioii.  Sometimes  the  timple  expedient  of  plaehig^  4 
load  on  two  poles  of  elastie  wood,  the  thickest  ends  of  which  are  eopported 

hy  th(^  hoi  M  ,  riTid  the  thiimer  dng  on  the  |pronnd»  la  of  nas  both  in  dimi- 
nishing tlie  friction  by  confining  it  to  a  smaller  and  smoother  surface^  and 
in  eqtialisintj  the  motion  hy  the  flexibility  of  the  poles. 

It  often  happens  that  agitation  nf  any  kind  cnrtbles  us  to  lessen  consi- 
derably the  friction  between  two  IfuUies,  e«ipet  ially  wlicn  tliev  are  cLi^c. 
If  we  wish,  for  instance,  to  draw  a  ring  along  au  iron  rod,  by  a  tliread 
which  is  nearly  perpendicular  to  it,  we  may  exert  all  our  strength  in  vain 
if  we  apply  it  by  slow  degrees,  since  Che  Increase  of  force  oontinnes  to  in- 
ekease  the  adhesion.  But  if  we  pull  tlie  ring  suddenlj,  and  then  slacken 
the  thread,  it  rebounds  from  the  rod  hy  its  elastidty,  and  in  this  manner  it 
slides  readily  along  by  a  conf  intiance  of  altematians.  In  such  a  case,  how- 
ever, it  would  bo  more  natural,  if  the  thread  were  suflficiently  heavy,  to 
give  it  a  serpentine  motion  which  would  drnv.-  the  ring  in  a  more  obli(|ue 
direction.  It  h  said  that  when  a  screw  is  fixed  very  firmly  in  a  jiiece  of 
iron,  it  may  be  extricated  much  more  easily  while  the  iron  is  filed  iu  some 
neighbouring  part.  The  agitation  tlius  produced  probably  operates  in  a 
asanner  somewhat  rimihur  to  that  of  the  rod. 

FMetlon  may  in  general  be  considerably  dindnlahed  hy  the  inteiposltiott 
of  oily  sabstanoes,  where  the  soffaoes  are  of  each  a  nature  aa  to  admit  of 
their  application.  Thus  common  oil,  tallow,  or  tar,  am  nsoally  inteqiosed 
between  metals  which  work  on  each  other.  It  is  necessary  to  attend  to 
the  chemical  properties  of  the  oil,  and  to  take  care  that  it  he  not  of  such 
a  nature  aa  to  corrode  the  metals  emplnycl,  c«T>o<  i'i11y  wliere  the  work 
rt^nires  ^at  accuracy.  Tallow  is  liable  to  lose  its  lui)ricating  quality 
nnleiis  it  be  fre<iueutly  renewed.  Between  surfaces  of  wood,  soap  is  some- 
timeU  applied,  but  tooM  commonly  blade  lead  whidi  becomes  highly 
poltthed;  Hie  adTantages  cf  canals  and  of  navigation  in  general,  are  prin- 
efpaOy  derived  from  the  Ibeility  with  which  the  paiftclee  of  fluida  make 
way  for  the  motion  of  bodies  floating  on  them* 

Tile  interposition  of  rollers  or  of  balls  bean  some  resemblance  to  tiie 
application  of  fluids.  Sui>poslng  the  surfaces  to  be  flat  and  parallel,  a 
roller  Tno'.-fM  hftween  tbom  without  any  friction :  but  it  has  still  to  over- 
come the  n  i->tance  occasioned  by  the  depression  which  it  produces  in  the 
substance  on  wliich  it  mores,  and  which  is  greater  or  less  according  to 
the  softn^  and  want  of  elasticity  of  the  substance.  If  the  substance  were 
pMiMliy  dastie,  the  temporary  depression  ^wooM  produce  no  lesistanee, 
because  the  tendency  to  rise  behind  the  rtdler  would  be  exactly  equivalent 
to  fhft  fbriSe  oppoaiilg  It*  progress  belbre ;  and  the  actual  reristance  only 
arisas  f:**  in  a  greater  or  smiOer  want  of  elasticity  in  the  materials  con- 
cerned. The  continued  change  of  place  of  the  rollers  is  often  a  material 
objfrtion  to  their  employment ;  their  action  may  in  some  cases  be  pro- 
longed by  fixing  wheels  on  their  extrcunties,  as  well  as  by  some  other 
arrangement.'! ;  but  these  methods  are  too  complicated  to  affbrd  much 
practical  utility.  IloUers  may  alao  be  placed  between  two  cylinders,  the 
one  convex  and  the  other  concave^  and  the  firletton  may  in  Hiii  manner 
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be  whoUy  nmoved,  whaterer  may  be  the  nugnitade  of  fbe  zoUen» 
(Fkte  XVII.  Fig.  222»  223.) 

The  effect  of  friction  in  any  machine  being  always  diminished,  in  pro- 
portion as  the  velocity  of  the  parta  sliding  on  each  other  is  diminislied,  it 
is  obvious  that  by  reducing  the  flimonsions  of  tli«>  axis  of  a  whvA  inuch 
as  pofisible,  we  also  reduce  the  friction.  When  the  pressure  ou  the  axis  is 
derived  ])rincii)ully  fiuiu  liiu  weiglit  of  the  wheel  itself,  the  friction  may 
be  lessened  by  placing  the  wheel  in  a  horizontal  position  and  making  the 
axis  Tertioal;  for  in  thia  manner  the  weight  may  be  anpportedon  an  aads 
ending  in  a  veiy  email  euiboe,  and  the  effiaet  of  the  friction  on  thia  rarfaoe 
will  be  about  one  third  kea  than  if  it  acted  at  the  drcumlinence.  The 
Telocity  of  the  parts  sliding  on  each  other  may  be  still  more  reduced  by 
placing  each  extremity  of  the  axis  on  another  wheel,  or  between  two 
wheels,  on  which  the  axis  rolls  as  they  turn  round,  so  that  the  friction  is 
transferred  to  tho  axis  of  these  wheels  of  which  the  motion  is  very  slow. 
But  wlieu  ft  ^rcat  weight  is  to  be  gu|)j)orted,  it  is  ncccswiry  that  the  friction 
wheels  be  very  strong  and  very  accurately  foriued ;  for  if  their  surface 
were  ixragolar  they  might  etand  etill,  and  their  nee  would  be  dealroyed* 
(FhteXVm.  Fig.  224.) 

Perrault*  attempted  to  a^cdd  all  frietion  by  luppoiting  the  axis  of  a 
wheel  in  the  coil  of  a  rope,  which  allowed  it  to  turn  while  the  whole  wheel 
ascended  and  descended ;  but  the  stiffness  of  a  rope  occasions  in  genevU 
even  a  greater  resLstnnce  than  the  friction  for  which  it  is  substituted. 

The  wheels  of  carnaj^es  owe  a  great  part  of  their  utility  the  diminu- 
tion of  friction,  which  is  as  much  less  in  a  carriage  thiiii  iii  a  Uray,  as  the 
di&iueter  of  the  axle  is  less  than  that  of  the  wheel,  even  supposing  Uie  dray 
to  alide  on  a  greaeed  aurfooe  of  iron*  The  wheda  alM  aaalit  ua  in  drawing 
the  carriage  over  an  obatade^  for  the  path  which  the  aada  of  the  wheel 
deaBrihea  ia  alwaya  amootlier  and  leaa  abrupt  than  the  ani&ce  of  a  rm^ 
read  on  which  the  wheel  rolls.  It  ia  obvious  that  both  these  adtrantagea 
are  more  completely  attained  by  large  wheels  than  by  amaller  onaa ;  the 
dimensions  of  the  axis  not  being  increased  in  tlie  same  proportion  with 
those  of  the  wheel,  and  the  path  of  the  asl^^,  to  wliich  that  of  the  centre 
of  gravity  is  similar,  consisting  of  portions  of  larger  circles,  and  conse- 
quently being  leas  curved  ;  and  if  the  wheels  are  elastic  and  rtliuuad  from 
an  obataclc,  the  difference  ia  atill  increoeed.  It  1%  however^  barely  possible, 
that  the  eurratoie  of  the  obetade  to  be  overoome  may  be  tntennediate 
between  thoee  of  a  laiger  and  of  a  smaller  wheel;  and  in  this  caae  the 
higher  wheel  will  touoh  a  remoter  part  of  the  obstacle,  so  that  the  path 
of  the  axis  will  form  an  ahmpt  angles  while  the  smaller  whed  foUowa 
the  curve,  and  produces  a  more  equable  motion  ;  this,  however,  is  a  caae 
of  rare  occurrence,  and  an  advantage  of  little  importance.  (PhUe  XYIU* 
Fig.  225,  226.) 

The  greater  part  of  the  resistance  to  tlie  motion  of  a  carriage  very 
6equently  ariaee  from  the  ooatinnal  displaconent  of  a  portion  of  the 
materiale  of  the  road,  whieh  do  notnaet  on  the  wheela  with  perM  elaati- 

a*  Machines  approuvecs  par  i'Acadcmie,  i.  13.  Lcupold,  Th.  Mach.  t.  ziv.  xv. 
PamgnBifa  Fh«  tr.  aaavL  238. 
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city,  but  uaUergo  a  i>eriuaueut  change  of  form  propottional  to  the  loss  of 
ISmik  H«iic«,  in  »  soft  aand,  althoagh  the  axles  of  tbe  wheels  may  move 
in  *  dinetioii  pefCectly  horiwnta],  the  dmught  beeomca  exfcnniely  hesvy. 
Th«  mom  the  wheel  einki^  the  gmter  is  the  Teristancc^  and  if  we  suppose 
the  degree  of  elasticity  of  the  materials  and  th«r  inmedinte  ledstanee  nt 
diffupent  depths  to  be  known,  we  may  calculate  the  effect  of  their  lesetion 
in  retarding  the  motion  of  the  carriage.  Thus,  if  the  materials  were 
perfectly  inelastic,  acting;  nn!y  on  the  preceding  half  of  the  immersed  por- 
tion of  the  wlu'el,  and  their  immediate  pressure  or  reHi«tance  were  simply 
proportiuiial  to  the  depths  like  that  of  fluitla  or  of  el  i^tii  substances,  the 
horizontal  resistance  would  be  to  the  weight  nearly  as  the  depth  of  the 
put  inUMned  to  two  ihiids  of  He  length;  bat  if  the  pressure  inerassed 
as  tlie  square  of  the  depth,  which  is  a  more  probable  supposition,  the  le- 
wstance  would  be  to  the  weight  as  the  depth  to  about  lour  fifths  of  the 
length  ;  the  pressure  nrny  even  vaiy  itiU  more  rspidlj,  and  we  may  con- 
sider the  proportion  of  the  resistance  to  the  wdght  as  no  ^ater  than  that 
of  the  depth  of  the  part  immersed  to  its  lenj^h,  or  of  half  this  k'nf:^h  to 
the  dinmetrr  of  the  wheel  ;  and  if  the  materials  are  in  any  degree  elastic, 
the  resistance  will  ha  lessened  accordingly.  But  on  any  of  these  sup- 
positions, it  may  l^e  shown  that  the  resistance  may  be  reduced  to  one  half, 
either  by  making  a  wheel  a  little  leas  than  three  times  as  high,  or  about 
eight  times  as  broad  as  the  giTm  wheeL  This  consideialion  is  of  parti- 
cular consequeneeln  soft  and  boggy  Mila^  as  well  as  in  sandy  oountzies ; 
thus^  in  moving  timber  in  a  moist  situation,  it  Iwcomes  extremely  advan- 
tageous to  employ  very  high  wheels,  and  they  have  the  additional  con- 
Tsnience  that  the  timber  may  be  suspended  from  the  axles  by  chains, 
wUhoiit  the  labour  of  raisin!?  it  so  high  as  wonld  he  necef<sary  for  placing 
it  upon  a  carriage  of  any  kind.    (Plate  XVIII.  Fig.  227.) 

But  the  macrnitnde  of  -wlieels  is  practically  limited,  by  the  strength  or 
the  weight  of  tiie  nmterials  of  which  they  are  made,  by  the  danger  of 
orertuming  when  the  centre  of  gravity  is  raised  too  high,  and  in  the  case 
of  tlie  first  pair  of  whsds  of  a  four  wheeled  carriage,  by  the  hiconvenience 
that  would  arise,  in  turning  a  comer,  with  a  wheel  which  might  inteifiBre 
.  with  the  body  of  the  carriage.  It  b  ako  of  advantage  that  the  draught  of 
a  horse  should  he  in  a  direction  somewhat  ascending,  partly  on  account  of 
the  shape  of  the  h  i  3c'<<  shoulder,  and  partly  because  the  princijial  force 
that  he  exerts  is  in  t!ie  rtrection  of  n  line  passing  through  the  point  of 
contact  of  his  hind  feet  with  the  g^round.  But  a  reason  e(|ually  strong 
for  having  the  drauglit  in  this  direction  is,  that  a  part  of  the  force  may 
always  be  advantageously  employed  in  lessening  the  pressure  on  the 
ground ;  and  to  answer  this  purpose  the  most  effiKtnally,  the  indination 
of  the  traces  or  shafts  ought  to  be  th«  same  with  that  of  a  road  on  which 
the  carriage  would  begin  or  continue  to  descend  by  its  own  weight  only.* 
In  order  to  apply  the  force  in  this  manner  to  both  pairs  of  wheel.s,  where 
there  are  four,  the  line  of  draught  ought  to  be  directed  to  a  point  half  way 

*  Couplet,  BeMons  snr  k  TVage  des  Cfametles,  BIst  et  U4m,  de  Ms, 

1 733.  p.  49.  H.  82«  Depsrdcnx  tor  le  Tlvsge  dcs  Chevauz,  ib.  176Q,  p.  263, 
U.  151. 
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bciweaa  thflm,  ornUMr  to  a  point  inrmwHalaly  nndtr  Uie  cavln  9f  gwvi^ 
of  the  oasziige ;  and  moh  a  lino  would  alwaji  paw  aboy?  tbo  of  tba 
fore  wbetla*  If  the  line  of  draught  pass  immediately  thjongh  this  axii^ 
the  pressure  on  the  hind  wheels  will  remain  unaltered  ;  and  if  the  traces 

or  «1'!ifts  be  fixed  still  lower,  the  pressure  on  the  hind  wheels  will  even  be 
somewhat  iucreu-sed  by  the  draught.  It  in  evident,  therefore,  that  thia 
advantage  ouinot  be  obtained  if  the  furc  wheels  are  very  hi<(h  ;  we  may 
also  understand  that  in  some  cases  the  common  opinion  of  tiio  eligibility 
of  pladng  a  load  over  the  fore  wheels  xather  than  the  hind  wheels  majr 
have  some  foundation  in  truth.  Whe|i  leveial  hones  aie  employed*  tha 
diauyht  of  all  but  the  last  must  be  nearlj  hoiiiontal;  in  thia  ease  the 
flexure  of  thed  ain  brings  it  intoaporitiop  ioaiewbat  more  favourable 
for  the  action  of  the  horaes ;  but  the  same  cause  makes  the  direction  of  its 
attachment  to  the  waggon  unfavourable ;  further  than  this  there  ia  no 
absolute  loss  of  force,  but  it  aj'peani  to  >>e  advisable  to  cause  the  shaft 
horse  to  draw  in  a  direction  as  much  elevated  as  ])08sible ;  and  on  the 
whole  it  is  probable  that  horses  drawiug  singly  have  a  material  advautage, 
when  they  do  not  require  additional  atttndance'froni  the  driven* 

The  piactioe  of  making  broad  wheela  oonieal  has  obviously  the  diaadvan* 
t«geons  efieet  of  produeing  a  fiidian  at  eaeh  edge  of  tha  wheelt  when  tha 
estriage  is  moving  in  a  straight  line ;  for  such  a  wheel,  if  it  moved  alone, 
would  always  describe  a  circle  round  the  vertex  of  the  cone  to  which  it 
belongs.  When  the  wheels  are  narrow,  a  slight  inclination  of  the  spokes 
appears  to  be  of  use  in  ket  pinn-  them  more  steady  on  the  axlea  tlian  if  tliey 
were  exactly  vertical  ;  and  when,  l>y  an  inclination  of  the  body  of  the 
carriage,  a  greater  propurtiuu  of  the  loudiji  thrown  on  the  lower  w^eel,  ita 
spokes,  being  then  in  a  vertical  position,  are  able  to  exert  all  their  strength 
with  advantage.  The  axles  being  a  little  oonical*  in  aider  that  tliej  may 
not  become  looss^  or  may  easily  be  tightened  ae  they  wear.  It  is  neceeiavy 
that  tliey  should  be  bent  down  so  that  their  lowsr  enrfaces  inay  be  hovi^ 
zontal,  otherwise  the  wheels  would  press  too  much  on  the  linch  pin.  For 
this  reason,  the  distance  between  the  wheels  should  he  a  little  greater  above 
than  below,  and  their  surfaces  of  cottrse  slightly  oonicaL  (Plate  XVIXJL 
Fisr.  228.) 

It  iuu  becu  proposed  to  fix  tlie  wheels  to  tlieir  respective  axlea,  to  con- 
tinue the  axlea  aa  &r  aa  tin  middle  of  the  «ani^  only,  and  to  o^uaa 
them  to  turn  on  friction  wheds  or  rollen;  a  plan  which  may  wcoMd  if 
the  apparatus  is  not  too  eomplioeted  for  use  (  but  in  Isct  the  immediate 

fiictioD  on  the  axlee  is  not  great  enough  to  render  this  refinement  necet- 
aary.  If  both  opposite  wheels  were  fixed  to  a  single  axis,  one  of  them 
would  be  dragged  backwards  and  the  utluT  forwards,  whenever  the  motion 
deviated  from  a  straight  line  ;  and  a  similar  effect  actually  takes  place  in 
those  carriages  which  are  suppui-ted  uu  a  single  roller. 

The  effect  of  the  suspension  of  a  carriage  on  springs  is  to  equalise  its 
moUon,  by  causing  every  change  to  be  mors  gradually  oommunieated  to  it 
by  means  of  tha  flexibiUty  of  the  springi^  and  by  eonauming  a  eertun 
portion  of  every  sudden  impulse  in  generating  a  degree  of  rotatoiy  motion, 
Tliia  retatoiy  motion  dependa  on  the  oblique  position  <tf  the  straps  sue- 
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vibntiottivi  wiaU  tek*  ylaotif  th*  stopi       panlUiniBU  hi 

ioo.ezt^iuRre  mJj^  they  were  very  short,  and  tben  the  motion  ivobU  be 
•onmrlul  fougher.  The  obliquity  of  the  straps  tends  also  in  some  mea- 
sure to  retain  tlio  earriajj^  in  a  Jiorl^contal  position  ;  for  if  they  were 
pHrallfl,  lioth  heinir  vertical,  tlie  lower  one  would  liave  f  ?  f^uj^iKtrt  the 
greftter  [xtrtioa  ui  ilie  wci^^ht,  at  lea.st  ;u'  Diilm-^  to  the  (  ^iiunMii  modki  of 
fixing  tJieui  to  the  bottviu  of  tJxu  camuge ;  the  spriug,  iherdore,  being 
flexible,  it  would  be  still  further  deptuMed.  Bai  when  the  stcapa  ma 
«ldique,  the  uppcf  ofte  rnmipM  always  t||»  mtfo  ^wthU  patittoii^  mA  cmm 
^enttj  bMis  nuwftof  tli«  lead ;  for  wta  a  My  aay  kbidii  mypartai 
1^  iwo  oUiqa*  ftfoea^  their  horizontal  thrusts  must  be  equal,  ofthADnki 
the  body  would  move  laterally ;  and  in  order  that  the  horisontal  pnHmm 
td  the  forces  may  be  equal,  the  more  inclined  to  the  horizon  must  be  the 
greater:  the  upper  spring  will,  therefore,  be  a  little  (Iepre«s««<l,  nnd  the 
carria;;e  will  remain  more  nearly  horizontal  than  il  liu  >iiriui:~>  v^vic 
parallel.  The  reason  for  dividing  the  springs  into  separate  plates  has 
already  been  explained :  Liie  beam  of  the  carrii^,  that  unites  the  wheels, 
tapfte  HbB  itnvgth  meoiBaiy  Ibr  hmiag  ihie  BtawMiiartiatt  halmB 
thaukis  lf«h«b«4y«f  ttMf«rnageltMirwmtoi«rfoim^ 
q^ivqga  would  n^iiisata  bo  iftftniiq;  iMthejoooU  hi^aMlIk  or  nodAei 
ia  Ofmliiring  the  motion,  and  wa  oluyilil  have  a  waggon  instead  of  a  coach* 
The  eaee  with  which  a  oaniifo  movee  depends  not  only  on  the  elasticity 
of  the  springs  but  also  on  the  small  degree  of  stability  of  the  equilibrium, 
of  which  we  nmy  judo:?  in  Kome  ineanure,  by  tracing  the  path  whidi  the 
centre  of  gravity  muiit  describe  whm  the  carriage  swings.  (Plate  XYlii. 
Fig.  2211.) 

The  modra  of  attaching  horses  and  oxen  to  carriages  are  different  in 
diffsreat  eoutitrioii  nor  is  It  eaay  to  detonmne  the  moot  oUgiUo  mefcliod. 
Wlian  honeo  am  hanmoid  to  dwvr  sMo  by  aid^  they  aro  nsaaUy  attached 
tathaofpoaitaandoef  abarorlavar;  aadif  tliriratreiiglhiaTaryaiioqaal 

the  bar  ia  aometimes  unequally  divided  by  the  fulcrum,  the  weaker  horaa 
being  made  to  act  on  the  loagw  bar,  and  being  tlms  enabled  to  counteract 
the  greater  force  of  his  companion.  But  ^ven  without  this  inequality  a 
CompenRjition  takes  jiltice,  for  the  centre  on  which  th»'  hnv  niovrs  is  always 
considerably  behind  the  points*  of  attachnn-nt  of  the  horses  ;  and  when  one 
of  tiiem  falU  back  a  little,  the  effective  arm  of  the  lever  becomes  more  per- 
pendicular to  tha  direction  of  his  force,  and  gives  him  a  greater  power, 
wbila  tba  oppodta  arm  beoomaa  mora  oUiqua^  and  oanaea  tlka  olhar  boraa 
toaet  at  a  diaadvantago ;  so  that  thera  is  a  kind  of  ataMlity  in  tha  eqnili* 
brinm.  If  the  fnlonun  were  further  forwards  than  the  extremity  of  tha 
bar,  the  two  horsea  ootdd  na?ar  draw  togathar  with  oonfaaienoa.  (Plat* 
XVni.  Fig.  230.) 

In  mining  countries  and  in  cnlHeriea,  it  is  usual,  for  facilitating  the  mo- 
tion of  the  carriages  employed  in  moving  the  ore  or  the  coals,  to  lay  whed- 
ways  of  wood  or  iron  along  the  road  on  which  they  are  to  jiass  ;  and  this 
practice  has  of  iaie  been  extended  in  some  cases  as  a  sulii^titute  for  the 
canatraciiaii  of  navigaUa  eanala.  Whara  there  is  a  turning,  the  carriages 
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an  nmially  xeorfved  on  •  inm  mpported  by  a  pivot,  whicih  illowi  tlm 
to  be  turned  with  great  OiW,   In  particular  situations,  these  waggons  are 

loaded  by  little  carts,  rolling  without  direction  down  inclined  planes,  and 
emptying  themselves  ;  they  are  also  provided  with  similar  contrivances  for 
being  readily  unloaded,  when  they  arrive  at  the  place  of  their  destination. 
The  carriages  used  for  drawing  loaJed  boats  over  inclined  planes,  where 
they  have  to  ascend  and  again  to  de&ceud,  are  made  to  preserve  their  level 
byliATing  at  ono  ond  ftntr  whoels  butosd  of  two,  on  fho  nme  trumtN 
Ifaia ;  tha  oolar  onaa  aa  madi  Ugliar  than  tha  pair  at  tha  otbar  end»  as  tha 
ianor  onaa  ara  kvwar ;  and  fha  wliaelwajr  baing  w  laid  tbai  aitlior  tba 
largest  or  the  Bmalleat  act  on  it,  accordingly  as  the  oorrasponding  part  of 
the  plane  is  lower  or  li^er  than  the  opposite  end.  It  ia  poariUe  tliat 
roads  paved  with  iron  may  hereafter  he  einj  luN  ed  for  the  purpose  of  expe- 
ditious travelling,  since  there  is  scarcely  any  resistance  to  he  overcome, 
except  that  of  the  air,  and  such  roads  would  allow  the  velocity  to  b« 
increased  almost  without  Umit. 

For  removing  earth  from  one  situation  to  another,  a  series  of  baskets  ha* 
aomatimaa  baan  hung  on  two  endleea  ropes,  moving  on  pnlUaa  of  anoh  « 
Ibnn  aa  to  aofiar  tha  ban  aoppotting  tha  baakala  to  paaa  Iraaly  over  than ; 
the  baskets  being  moved  by  meani  of  n  winoh  aeUng  on  fiia  vopa  by  * 
wheel  like  one  of  tha  pullles.  Sometimes  also  a  aariaa  of  little  carls  has 
been  connected  by  ropes,  and  drawn  in  a  circle  or  oval  up  and  down  an 
inclined  piano.  Tliese  methods  may  be  adopted  in  nialvint?  rofl(?s  where  a 
hill  is  t<i  be  levelled,  and  the  materi;il«  are  to  be  employed  m  filliTiLr  uj>  the 
valley  below  j  but  in  Biich  cases  two  carts,  counecte  l  by  a  cyliiikler  or 
windlas^i,  arc  generally  suihcieut ;  and  tltey  may  be  arranged  in  the  same 
manner  aa  the  carriages  for  removing  boats  on  an  inclined  plane. 


lbct.  xvtii.— additional  authorities. 

Machine  employed  for  clearing  the  T'ort  n(  Tookm.  BeUdor,  Architectnre  Hf  ■ 
dmulique,  u.  II.  pi.  20.  FergUBOD  on  a  Crane,  Vh.  TV.  1763,  liv.  24.  Redely- 
klu-id,  Machine  h  creiuer  let  Pores,  fol.  La  Hague,  1774.  Sospended  Scaffoldiog, 
£n  y  Inp^'die  M6tbDdiq|tte,  pLiv.  Pdntrs  SD  WHimeni.  HiU*s  Crane,  TVuw.  of 
the  Soc.  of  Arte,  voL  ni. 

On  Wheel  CarHaffee.— On  the  Benefit  of  HUi  Wheds,  Ph.  Tt*  Ittft,  xv.  856» 
Lsbire  on  the  Magnitude  of  Wheels,  Hist,  et  Mem.  de  Paris,  ix.  116.  Parent,  do. 
171S,  p.  96.  lUaomor,  do.  1724.  p.  300.  Dapin  de  Cheuonceau,  do.  1753,  H. 
801.  tSnenoa's  Medu  p.  194.  Boolard  and  Margumm  on  Braad  Whede,  Ro- 
aicr's  Jour.  xix.  424.  Jacob  on  WTieel  Carri  i^v  s  ate  2  vols.  4to,  1773-4.  .\n«tic« 
on  do.  1790.  Bailey,  PUtea  of  Machines  approved  by  the  Society  of  Arts,  2  vols. 
M.  178S.  BitieCH,  mibrma  de'  Carri  di  qnattro  1tw)te,Tlr«iyigf,  1785.  Edgeworth, 
Tr.  R.  Ir.  Ac*.  178*^.  ii.  73.  Lacilwr,  Hindenlmr^'s  Archiv,  ii.  51.  Gruht  rt  sor 
les  Vultures  i  deux  lioues,  1797.  A.  Young,  Annals  of  Agriculture,  xviti.  fuia, 
Temdi  einer  TTheorie  des  Widerrtaadea  tevey-und-vter-riMiger  FVilirwerke.  Co* 

penlia^.  1798.    l*h.  Mag.  xiii.  115.    Aiiderson'.s  In-dt  iti  i  of  Physics,  quoted  by 

Cavallo,  Nat.  Ph.  Cumming  on  Conical  Wheels,  4to,  ld04.  Board  of  Agricultore, 
ii.  d51.  Bepertai^  ef  Arts,  xiiL  856.  Imim's  EkMta  of  Sotanoe  ni  An, 
2  vols.  1808,  i.  199.  Fbipra's  Leet  bf  Biewslef ,  ii.  896. 
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LECTURE  XIX. 


ON  MODES  OP  CHANQINO  THB  F0BM8  OF  BODIES. 

Turn  oorpoMRJar  fsfMt  by  wUdi  bodies  nteiii  their  peculitf  lonnt  of 
aggregation,  nqnin  in  many  mm  to  be  eomiilRaetod  or  modiM  hy 
iiwriiMio>l  fBocmmi  thw  wo  lunro  firaqaont  ooeuioii  to  oompnts  M&m 

into  a  smaller  space,  to  augment  their  dimension*  in  a  particular  difeo- 
ttoo,  to  diiide  their  substance,  either  partially  or  totally,  in  given  linca  or 
surface*,  or  to  destroy  their  general  form  hy  reductna;  them  into  more 
minute  portions  :  and  may  consider  these  subjects  as  principally  refer- 
able to  the  etlecls  of  compression,  extpn«?ion,  ]>eT)etmtion,  division,  attri- 
tion, digging,  boring,  agitation,  trituration  an<i  demolition.  The  two  first 
of  these  articles  depend  on  such  a  change  as  we  have  examined  in  consider- 
ing the  rtrength  of  material^  under  the  name  of  alteration,  the  Mmainder 
on  ftaotnro* 

The  inetsnmaoto  poeoliarly  intended  for  compreerion  are  in  general  of 

the  d.-(  ription  of  preeees  ;  and  the  most  common  act  by  meana  of  a  screw. 
The  friction  on  the  screw  interferes  eonnderably  with  the  power  of  the 
machine;  hut  it  is  of  use  in  k^^epin?  the  press  fixed  in  a  situation  into 
which  it  has  V)een  brought  by  tovcv.  The  8crtn\  is  always  turned  by  a 
lever;  for  without  this  assistance,  liowever  powerful  it  might  He,  the  fric- 
tion would  render  it  almost  useless.  Wiien  great  force  is  required,  tlie 
aeiow  b  made  an  doae  aa  is  oonriatent  wHh  Iho  strength  of  its  apiree. 
Hr*  Hnntor^f  donbk  aorew  may  also  bo  need  with  advantage,  whore  only 
n  BBaU  extent  of  motion  ie  required.  13i«a6flowof  aprintingpreaBorof  a 
atamping  pieei^  i^  on  the  contrary,  open,  and  it  is  caused  to  descend  with 
Qenaiderablo  momentuTn,  the  handle  being  loaded  with  a  weight.  Wher- 
ever ft  force  is  so  employed  as  to  produce  an  impulse  which  acts  on  any 
body,  the  momentum  which  is  the  result  of  the  action  of  the  fctrre  for  a 
certain  time,  is  usually  mudi  more  powerful  than  the  simple  pressure ; 
the  degree  of  its  efficacy  depends,  however,  on  the  degree  of  compressibi- 
lity of  the  substance.  Thus,  if  a  heavy  body  fall  from  a  certain  height  ao 
aa  to  aoiialra  »  nanintiDn  fak  oonaeqnenoa  of  the  foiee  of  gVKvMgr »  ^  will 
nltinMtaljr  ozitt  on  the  anbatinco  upon  wUch  it  lUb  a  fcree  about  ao 
nnich  gnatar  dian  ita  w«g^t»  aa  tlio  i^aee  throng  whieh  the  surface  of 
the  substance  struck  ia  depressed,  by  means  of  the  impulse,  is  less  than 
twice  the  height  from  which  the  body  has  fallen ;  and  unless  either  the 
substance  is  very  compressiMp,  or  the  height  very  small,  this  force  must  be 
incomparably  <rr(-rtter  than  the  pressure  of  the  weight  only. 

For  a  }>rinting  press,  a  single  heavy  roller  is  sometimes  ma<le  to  pass 
over  tlie  paper  when  it  has  been  laid  on  the  types ;  and  since  the  whole 
aotioa  of  nicih  a  roller  b  con&Md  to  a  small  part  any  one  time,  it  b  aaid 
to  exoii  anilloient  foroe  and  to  perform  its  work  more  equably  than  a 
eommon  preai ;  but  its  opofation  must  bo  eomparativoly  eiow.  A  eommon 
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wft^^fg|i>  for  BiMffii  gidB  DMnrlj  in  s  jrimiltiT  nuuuMr*  In  ciilfliidsriiig  iEdII% 
the  force  of  a  Bpring  iB  employed  for  ozerftiiig  a  pvetmre  on  tbe  Uock  with 

which  tlie  materiab  are  glazed. 

The  copper  plate  printing  press,  and  the  machine  for  copying  k'tters,  are 
coin(H>i>eil  of  two  roUers  imnillel  to  each  otluT,  ])ri'ssin<^  ou  the  bubstanoe 
which  itt  interposed,  and  wltich  is  brouglit  into  it.s  hituiition  partly  by  the 
friction  of  the  surface  of  the  roller  and  partly  by  external  force. 
.  .The  loUm  by  which  mgiKr  mm$  $m  pnpied,  v  in  gp—a1  ntaaled 
mf^eaSfyt  the  middle  <uie  of  thzce  being  tnvnid  by  home*  hf  mnimi,  or 
water,  and  the  canea  being  made  to  letum  round  it  eo  ae  to  paae  thAngk 
both  inteiretic^  in  succefisiou.  It  appears;  to  be  of  some  advantage  in  preeiea 
of  thui  kind  that  all  tlie  rollers  should  be  turned  independently  of  their 
action  on  the  materials  interposed,  since  the  frktiim  of  two  rollers  may 
tend  to  draw  the  mattrials  into  tlie  space  Ijetwecu  tluiiu,  with  Tn  ie  regu- 
larity aud  greater  foro;,  tlian  the  action  uf  a,  tiiugie  roller  wouid  do.  For 
this  reaaon,  it  may  be  advisable  to  retain  the  toothed  wheds  taming  the 
i»Un%  even  wlien  their  aacei  aie  not  firing  fixed  bat  held  together  by 
an  eJaatie  hoop.  (Plate  XVIU.  Fig.  231.) 

In  <»1  mill%  a  etiU  greater  motnentum  ia  ^iplied  to  the  pozpoae  of  com- 
pzeeaion  than  in  the  printing  press :  hammers,  or  long  wooden  beanu  pliced 
vertically,  are  raised  by  a  water  wheel,  and  suffered  to  fall  on  wedgea 
vhich  act  very  forciM)    n  the  Tiiaterials  contained  in  bsjrf  on  each  Hide. 

Compression  is  also  sj<iuietimcs  performed  hy  the  operation  of  hammer- 
ing :  thus,  csLbt  hioi^  is  geueraiiy  hammered  l><;iure  it  is  used,  in  order  to 
increase  its  strength ;  the  hammer  renders  it  su  much  &tlti'cr,  tliat  it  xl  la 
neoeeeary  to  praeerm  ita  dn«tiUty»  it  mat  faa  frequently  annaalad  by 
e^tosure  to  heat.  Annla  and  yioee  are  neeeesary  appendages  to  the 
hmnmnr  s  their  nee  danenda  iwinriffaTly  on  their  finaniwi  whhdi  ia  dneflv 
derived  fimn  weight  in  the  one  oaae,  and  from  ilrength  in  the  other;  and 
pincers  may  be  considered  as  portable  vices. 

For  the  purpose  of  producing  a  continiK'd  pressure  on  ^urh  Kubst.iucen 
as  have  a  tendency  to  contract  their  dimensions  under  the  operation  of  a 
press,  a  Bj)rin)i?  has  been  interposed  between  the  prc»s  aud  the  materials, 
wiiich  is  capable  uf  pursuing  them  with  a  certalu  dc^^ree  of  force:  tlie 
ntiiiiy  of  auch  an  airrangemeai  anu^  h«weff«r,  be  axftrcmaly  linilad. 
ICr.  Biamah  haa  applied  a  well  known  law  el  bydmetailkB  to  the  acaietrao- 
tiim  of  a  Taiy  naefbl  pveei^  which  la  aimpli^  powei^  and  poitaUa. 

Ibdenaion  ia  eeldoin  patformed  by  forces  that  teod  ianiadiatriy  to  in- 
oeaae  the  dimensions  of  the  subetanoe  only :  It  is  generally  procured  by 
reducinj?  the  magnitude  of  the  substance  in  another  direction,  sometimes 
by  iiu'iinM  of  pressure,  ])ut  more  eftW'tiially  by  percussion.  The  rollers  of 
tlie  press  euipioyed  for  laminating  lucLals  are  turned  by  macliinery,  and 
aie  capable  of  beiug  Uioved  backwards  aud  forwards  in  order  to  repeat  the 
operation  on  the  same  subetanoe;  their  distanee  ia  adjo^ed  by  ■erews 
which  are  turned  ai  opoe  by  pinioqa  fixed  on  thaaHQa«q%  inardat  thai 
thqr  may  ba  always  paralleL  In  (hia  nannsK Jka^.eopper^Md  ulvnrt  *n 
BollBd  into  plates,  and  a  thin  plate  of  sUver  being  soldered  to  a  thicker  one 
of  oosner.  tfm  oamiXNind  is  enhiiiitted  aeain  to  the  of  *1m> 
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^azier*8  rice  is  a  in-line  of  the  sani^  nffton  fyt  formbg  window  lesdj 
the  softness  of  the  lead  enables  it  to  assume  the  required  jdMpe^  in  OOOM^ 
quence  of  tlie  pressure  of  the  rollers  or  wheels  ;  and  the  cArcurufcreuoB  of 
these  wheels  is  indented,  in  order  to  draw  the  lead  akuag  bjr  the  correspond- 
ing tjlevations.    (Plate  XVIII.  Fig.  232.) 

In  drawing  wirt*,  the  furc«i  is  originally  applied  in  tiie  dii^ection  of  thfl 
eyteniioiiy  but  it  piodnQM  anndi  afcrojoger  lateral  atmpresedon,  by.  means  of 
tba  conical  aperturai  tbiongb  w)ii«|i  t]ie  wiw  b  ■uooasBiveljr  dx»im.  For 
lioUing  tfao  laigo  vrm,  pinoen  an  at  fint  iiaed»,wluch  emlwaoe  it  itvQPgljr 
while  they  puU^  and  open  when  they  advanoQ  to.a  naw  poivM^a*  tba  intar* 
mption  being  perhaps  of  use,  by  enabling  the  piiicenj  tu  acquire  a  ovttia 
TOomentum  l)efore  they  begin  to  extend  the  wire  ;  but  afterwards,  when  tba 
wire  is  finer,  it  is  simply  drawn  throu-xh  the  aperture  from  one  wlieel  or 
drum  to  another.  During  the  operation,  it  require*  frequent  anneaUng, 
which  causes  a  scale  to  fonu  on  its  surface  ;  and  tliis  must  be  removed  by 
rollij^g  it  in  a  barrel  with  proper  uiatorials ;  for  Uie  application  of  an  acid 
is.taidtoii]jux^tliet«tnperof  thenietah  Coppar  ia  wmatimw  dxawa  Into 
wilt  io  laiga  aa  to  aerva  fyf  tba  bolti  naad  ift  ibiplmildiiig,  espedally  foe 
ahaitthing  thipa'  bottona.  SUw.  wiia^  ibiiiljr  oorarpd.  with  gold»  .ia  lan- 
dered  extremely  fin%  and  then  flattened,  in  order  to  ba  fit  for  making  gold 
thread  :  the  thickness  of  the  gold  is  incpncelvably  smaU^  much  laaa  tluui 
the  millionth  part  of  an  inch,  and  soraetime^  only  a  ten  millionth. 

In  order  to  form  tlie  haudleti  of  vessels  of  eartlienware,  tlie  clay  is  forced 
through  a  hole  of  a  proper  Kluijje  in  an  iron  box.  The  operation  of  the 
potter's  wheel  consists  m  great  meaiiui-e  of  compression  and  extension,  pcj- 
frninad  by  the  hands ;  the  yiessels  finialied,  when  they  agre  partly  dry, 
in  a  lathc^  or  by  othar  instnunanta;  aooaa  Idnda  of  caitbanwaie  ara  fonnad 
in  tk  monld  only,  .  . 

Whan  a  thraad  or  a  plata  of  glass  is  extended  in  a  semifluid  state,  it  has 
a  tandency  to  preserva  an.aquaMe  thickness  throughout :  this  is  derived 
from  the  eftect  of  the  air  in  cooling  it,  the  thinnest  jiarts  Ijecoming  imme- 
diately a  little  colder  tlian  the  rest,  and  conhequently  harder,  so  that  tlity 
retain  their  thickness^  imtU  the  neighbou^ug  parts  are  brought  into  a 
similar  state. 

Extension  is  performed  liiy  meatus  of  percussion,  in  foigea  and  in  iha 
eommon  operation  of  tlw  smitb'a  iianunar.  In  forges,  the  hanunarv  ara 
raiaed  by  maojun^p  and  thrown  lorelhly  against  a  spring,  ao  aa  to  leooil 
with  gruit  Tiloei^.  .  Witti  Iba  iialp  of  this  spring,  the  haminar  aometimea 
nakes  600  strokes  m  a  minute,  its  foroe  being  many  timca  greater  than 
tba  weight  of  the  hammer.  Snch  forges  are  used  in  making  malleable 
iron,  in  forming  ooppar  plates^  and  in  manofartiiring  steel.  (Plate  XVIIL 
Fig.  2;«.) 

Gold  is  beaten  between  the  intestines  of  animals,  on  a  mari)le  anvil ;  for 
this  purpose  it  is  alloyed  with  copper  or  silver.  It  is  reduced  to  the  thick- 
ncsa  of  little  more  than  tba  three  hundred  thousandth  of  an  Inch.  Silrar 
leaf  ia  about  the  hondiad  and  aiztj  thousandth :  it  ia  made  of  silver  without 
alloy* 

Tht  operation  of  coining  depends  also  prinoipdly  on  an  extension  of  the 
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metal  into  the  of  the  die  ;  it  is  performed  hy  a  Btronp:  pressure, 

united  with  a  considerahle  iTnpnl«p,  cm  n  muni  rated  )»y  a  pcrpw  like  that  nf 
a  printing  presn  ;  and  sKjinetiuies  the  imprt;ii(»ioii  in  fonueti  by  the  repeated 
bluvvu  of  a  hammer  only. 

Thin  platei  of  sUywed  copper  are  moulded  into  anj  figure  that  may  be 
lequired,  by  being  plaoed  between  two  oonMponding  stamps,  of  wlildi  tbe 
one  is  fixed,  and  the  other  attedied  to  the  bottom  of  a  heavy  hammer.  The 
hammer  is  nbed  and  snfiered  to  &11  in  a  right  ]lne»  by  meana  of  pineei^ 
wllich  open  when  they  have  acquired  a  crrtain  height.  Sometimes  the 
contact,  produced  hy  the  forcible  impulse  of  a  die,  b  sufhciently  intimate  to 
cause  a  thin  plate  of  silver  to  cohere  permanently  with  a  surface  of  iron  ; 
and  this  mode  of  uniting  metals  is  actually  employed  in  some  manu- 
factures. 

The  operations  of  perforating,  cutting,  turning,  boring,  digging,  sawing, 
grinding,  and  politihiug,  resemble  each  other,  in  great  measure,  with  respect 
to  the  minnte  aolionsof  the  paitleles  of  bodiee  whloh  they  have  to  overoome. 
FenetraUon  is  generally  performed  in  the  first  Instancie  by  the  effiMst  wludi 
we  have  called  detmsion,  where  the  magnitude  of  the  penetrstlng  snbstaiMS 
is  oonsiderable :  but  when  a  fine  point  or  edge  m  employed,  it  probably  fitst 
tears  the  surface  wlicre  it  is  niof5t  depressed,  and  then  acts  like  a  wedge  on 
the  ]>orti(>n8  of  the  substance  left  on  each  side,  with  a  force  so  miu-h  tbe 
ifreaier  as  the  e<lge  is  thinner.  The  resistance  o])po.sed  hy  a  solid,  or  even 
by  a  soft  substance,  to  the  motion  of  a  body  tending  to  penetrate  it,  apyiears 
to  resemble  in  some  measure  the  force  of  friction,  which  is  nearly  umform, 
whether  the  motion  be  elow  or  rapid,  destroying  a  certain  quantity  of 
momentnm  in  a  oertwn  tnne^  whatever  the  whole  veloeity  may  be,  or  wlmt* 
ever  may  be  the  space  deeeribed.  Hence  arises  the  advantage  of  giving  a 
great  velocity  to  a  body  which  ia  to  penetrate  another,  the  distance  to  wUdk 
a  l>ody  penetrates  being  as  the  square  of  its  velocity,  or  as  its  eneigy ;  and  a 
certain  (Ipirree  of  enenry  being  required  in  order  to  make  it  even  y>enetrate  at 
all.  It  is  true  that  when  we  exchanEre  a  slow  motion  for  a  more  rapid  one, 
by  the  immediate  action  of  any  mechanical  power,  we  can  only  obtain  the 
aarae  energy  from  the  Euime  power,  for  we  must  diminish  the  inensa  in  tlie 
same  proportion  as  the  square  of  the  velocity  isincressed;  but  a  very  small 
part  of  the  foroe  which  is  consnmed  in  the  operation  of  a  maeWne  of  any 
Idttd,  is  employed  in  generating  momentnm ;  by  much  tlie  greatest  part  is 
spent  in  overcoming  resistances  which  vary  but  little  wilJi  the  vdocity ;  a 
small  portion  only  of  the  resistance  increasing  in  ^opovlion  to  the  square 
of  the  velocity ;  so  that  by  applying  a  triple  force,  we  may  obtain  more 
than  a  double  velocity,  and  more  thnn  a  <|Uttdru])le  effect :  and  besides  it 
has  already  been  obs<>rved  that  when  the  velocity  begins  to  exceed  a  certain 
limit,  the  effect  ia  increased  in  a  much  greater  proportion  tlian  that  of  its 
square.  The  same  work  is  also  performed  with  less  pressiire,  and  less  strain 
on  the  macldnery,  where  a  great  velocity  is  employed.  It  is  on  account  of 
the  efficacy  of  velocity  in  facilitating  penetnitioa,tliat  soft  substances,  mov- 
ing very  swiftly,  will  readily  perforate  mudi  harder  ones ;  and  for  the 
ssme  reason  a  gunshot  wound,  and  even  the  loes  of  a  limb,  takes  place  vHtfa 
so  little  disturlmnce  of  the  neighbouring  parts,  that  it  is  sometimes  scarcely 
felt  The  advantage  of  an  impulse,  however  incenslderable,  above  •  pns* 
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sure,  liowever  great,  may  he  v^sWy  understood  from  the  ease  with  which  a 
moilcrate  biuw  uf  a  liainmer  causes  a  nail  to  penetrate  a  sabftance,  into 
which  tlM  whole  forae  of  the  arm  could  not  hare  thrust  it. 

In  the  AogiiM  for  Mviag  Ifao  piles,  or  upright  beams,  vitd  Ibr  Ihtlbuid*- 
tiom  of  hnildings  In  witer,  or  In  loft  ground,  the  is  niwd  tbwly  to 
ft  oooiUnftUo  height,  in  order  tluit,  in  falling,  it  moy  aeqnire  sol&ciant 
0no^|^^^  t )  propel  the  ]^  with  efficacy.  The  eene  fofw^  if  appliod  by  toij 
powerful  machinery  immediately  to  the  pile,  would  perhaps  produce  an 
equal  effect  in  driving  it,  but  it  would  be  aT)HoTute1y  imposKihle  in  practice 
to  construct  machinery  strong  enougli  for  tlie  ])urpi>8e,  and  if  it  were  po»- 
Bihle,  there  would  be  an  immense  loss  of  force  from  the  friction.  For  ex- 
ample, supposii^;  a  weight  of  600  pounda,  falling  from  a  heigltt  uf  60  feet, 
to  drive  the  pile  2  inehee  ai  eidi  etioht ;  then,  if  tlM  mtihiiiee  be  eon- 
■deted  as  needy  nnifonii,  ite  m^initnde  mnet  be  ahovt  IW  thafoeend 
ponnd^  and  the  eeae  moving  power,  with  a  meehanteel  adrantege  of  800 
to  1,  woold  perform  tiie  work  in  the  same  time.  Bat  for  this  purpoeeoMne 
parts  of  the  machinery  must  be  able  to  support  a  strain  equivalent  to  the 
draught  of  fKK)  horses.  In  the  pile  driving  engine,  the  fonp]>«,  or  toiu/M, 
snmrilijii-'  c  filled  the  monkey,  or  follower,  is  opened  as  soon  as  tiie  weight 
!irrive«  at  its  greate-^t  height ;  and  at  the  same  time  a  lever  detaches  the 
drum,  employed  for  rauiing  the  weight,  from  the  axis  or  windlass,  at  wiiich 
tlie  liones  are  drawing ;  the  follower  th^  desoende  after  the  weight,  on- 
eolling  the  rope  from  the  drum,  and  the  ioroe  of  the  horeee  ie  employed  in 
taming  a  fly-wheel,  nntil  the  eean«|aein  with  the  weight  Is  again  reetowd> 
(Plate  XVIII.  Fig,  m) 

When  wa  throiw  a  elone^  or  a  missile  weapon  of  any  kind,  with  tlie  liand, 
the  stone  can  acquire  no  greater  veloc  ity  than  the  hand  itself,  accompanied 
by  the  neighbouring  jiart  of  the  ann  :  so  that  thv  whole  velocity  must  be 
produced  in  a  mass  of  mntter  comparatively  very  large.  A  sling  enables 
us  to  throw  a  stone  or  a  Imii  much  furtlier ;  for  here  the  stone  may  bo 
mored  with  a  velocity  far  greater  than  the  hand  that  impele  it,  ahhoagh 
the  aelion  of  tlM  foroe  en  the  etone  ie  indireet,  and  the  mietanoe  of  tlie  air 
eonaideiable.  An  elaetie  bow,  flmiehedwith  a  strong  and  llgfat  etrlng^ 
eaaUes  as  to  apply  to  an  arrow  or  to  a  ball  the  whole  force  of  our  warn, 
mencumbered  witti  any  eonaidemUe  portion  of  matter,  that  requires  to  be 
moved  with  the  arrow;  hence  a  very  great  velocity  may  be  obtniTird  in 
thh  manner.  An  air  tnm  possesses  tlie  mme  »dv!uit-age  in  a  t»till  (.irater 
degree,  and  tlu:  fonf  !»f  fii  t  i  -unjniwder  exrc!-^  perhaps  all  others  fi.nti  its 
concentrating  an  immense  force  in  the  form  of  an  inconceivably  light  ehtstic 
fluid ;  of  course  a  ball  impelled  by  this  force,  becomes  a  moet  eflMnal 
faiilfumeMt  hi  penetntiqgthe  moet  lefraetory  subetaneee.  We  may  eaaily 
eekalate  the  nloeilj  of  an  amw,  by  eompazing  its  motion  with  that  ef  a 
pendulum,  if  we  know  tlie  proportion  of  its  wc^t  to  the  force  that  bends 
the  bow ;  including  in  the  weight  a  small  addition  for  the  inertia  of  the 
bow  and  bowstring  ;  the  height  to  which  the  arrow  vrill  rise,  being  about  as 
much  greater  tlian  the  space  thronirh  winch  the  bowstring  acts  on  it,  n«  the 
greatest  force  applied  in  drawing  the  bow  is  greater  than  twice  the  weight 
to  be  moved. 
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LECTURK  XIX. 


The  action  of  a  whip,  eltlur  on  the  air,  or  on  a  solid  body,  depends  on 
the  inrreRfW?  of  velocity  orr-n^loned  by  the  sticce«f<Ive  transmission  of  the 
motion  from  a  thicker  to  a  thinner  portion  of  its  flexible  •Jtihxfnncp,  ho  that 
at  last,  the  enerj^y  of  the  lash,  and  of  its  knota^  gires  it  a  sufficient  capa- 
bility of  exciting  sound  or  of  inflicting  pain* 

The  instruments  generally  employed  for  the  division  of  solid  bodies,  are 
wedges,  chisels,  kiiivM»  and  tdmbm ;  they  tonMttmM  act  by  preman  only; 
lmtth«y«Miiioiopofr«M  wliefiimpulMbi^  Httehftta,  plaiMav 

MiN,  and  files,  always  ■«!  with  mme  rapidity.  Ciltttng  inatmrnents  are  fai 
general  very  thin  wedges,  but  the  edu-c  itself  is  usnally  mnch  more  olrtnae  { 
Mr.  Nicholson*  has  estimated  the  angle,  formed  ultimately  by  the  snifiices 
conStitutini?  the  finest  edge,  at  about  6<J  deirrecs.  Knives  «re  sometime? 
fixed  on  wheels,  so  as  to  revolve  in  a  direction  ol)lique  to  tlu  ir  edtjes,  as  in 
some  machines  for  cutting  chalf,  where  the  straw  \h  also  drawn  forwards, 
through  a  space  variable  at  pleasure,  during  eacli  revolution  of  the  knife. 
An  iDibainent  of  a  riiittiltur  natnn  haa  aiso  bcea  t&vanled  for  the  purpose  of 
Mtdng  wMdi  nndar  water. 

^  For  fhi  edgea  of  til  eatting  ittBtaranMnti^  steal  ia  prlncipalfy  anipkjed. 
After  being  hardened,  by  plunging  it  whan  ved  hoi  into  coM  water,  tt  li 

tempered,  by  laying  it  on  a  heated  iron,  or  mora  accurately,  by  Mr.  Stod- 
art'st  method,  of  immersing  it  in  a  metallic  eompo'^ition  in  the  state  of 
fusion.  When  its  surface  has  acquired  a  yellow  tinije,  it  is  fit  foredj?e  tools, 
and  the  degree  of  heat  proper  for  watch  sprm^r^  is  indicated  liy  a  blue 
colour.  The  backs  of  kuives  are  often  made  ot  iron,  which  is  less  brittle 
than  steel :  these  substances  are  generally  welded  together,  by  hammeiing 
tiiem  whan  red  hoi;  bat  somstimes^  in  large  instninMnts^  a  btok  of  inn  ia 
onlyrivatted  on. 

His  Iran  employed  for  making  naila  and  a^Sm  small  artide%  ia  fiiat 

rolled  into  ilat  bars,  and  then  cut  into  narrow  rodfl^  by  causing  it  to  pass 
between  the  cylinders  of  the  slitting  mill,  the  surfaces  of  which  are  formed 
int«  rectangular  srroavos,  and  which  are  placed  close  to  each  other,  so  that 
the  prominent  pails  of  the  one  are  opposed  to  the  depressions  of  the  other, 
and  the  bars  are  divided  by  the  pressure  of  the  opposite  forces  acting  trans- 
versely at  the  Bauie  points,  ho  as  to  separate  them  by  the  effect  which  we 
have  already  considered  under  the  nanke  detmsion.  The  same  madiinarj 
also  ganmU J  woiln  a  pair  of  laige  sheaia  for  enttin^  baia  of  any  kind. 
(Fbto  XVm.  Fig;  8S5.) 

The  latfie  ia  an  elegant  instrument,  in  which  a  coasiderabls  relative 
velocity  is  produced  between  (ha  tool  and  the  substance  to  be  cut,  by  the 
revolution  of  this  suhstance  on  an  axis,  while  tlie  tof;!  in  ("upportcd  hy  a 
rest.  Onmmcntftl  lathes  admit  of  a  great  variety  ot  niechanical  contriv- 
ancf,  but  they  are  of  little  practical  uw,  exi  i  [it  fur  anrnficment.  Picture 
frames  are,  huwover,  S4inictimes  turned  in  oval  iathea  ;  and  in  the  manufac* 
tare  of  buttons,  machinai  of  a  similar  nature  are  occairiOnally  employed* 
ThaeffKtof  aveiy  lathe -of  a  eompBealad  eoaaimction  dependa  on  aeartafat 
dagiaeof  autionof  whiihttaaxbia«a|iab]a:  If  thiamotiMibegQfaRMd^ 

»  Nkh.  Jour,  eto,  1 47.  SlO. 

t  Nlflh.  Joor.  4le,  iv.  tS7.  Sseaho  L  380, 468, 87» ( it  44, 108; 
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a  screw,  a  screw  of  any  diameter  may  be  tamed  by  its  assistance ;  if  by  a 
fnm»  pMdaeiiig  iH  •Uljplie  earre,  any  nimklMr  of  oHh,  hsvfBg  tito  MIM 
eenCNy  nay  be  dMMlbed  at  oaca;  and  if  a  movealito  point  eomMeted  i«Hll 
tho  "^erk  ImpMMMl  bya  afeMmg  tpiing  agaiaala  pattmi  of  any  kindiplaasA 
at  oiM  end  of  tta»  azlB»  *  Mpy  cf  flia  >atM  fcnn  may  Vi  mads  at  tiib  oIlHf 
and  of  the  axis. 

The  proces"^  f>f  boring  is  a  combtnation  of  petictrfition  and  division,  and 
someUmes  of  atti  ition.  Awl«,  j^iinlots,  screws,  mi'^ers,  and  ctTitrt'blt'',  arc 
various  forms  ot  borers.  The  drill  has  the  aUviiiita^e  of  a  rapid  motion, 
communicated  by  the  drill  Ik>w,  which  turns  it  round  by  means  of  a  little 
wheel  or  pulley.  In  boriag  aannon,  tbfl  tool  la  at-ntt^  wUle  the  eaanon 
xtftAxM,  and  by  thfaf  afrangenieat  tlia  Iwrf  of  tfw  oaown  la  fofoad  with 
mmlkmtm  aQoamy1ihattaoooi<&igtotluo]dmfi]iodof  |ratlingthobOMf 
in-ttoHon }  pirin|tt  bsCKoie  the  inertia  of  so  large  a  mass  of  matter  aa  conx 
■titatea  die  cannetiy  aarfrta  in  'defining  the  axie  of  rov^uUon  with  moia 
accuracy.  The  borer  is  preswcd  nirainst  the  cannon  by  a  -vfcijjht  hung 
on  the  arm  of  a  bent  sprintr,  and  durinf^  t ho  operation  tiie  ntit^ide  is  also 
tuiiifd  into  itB  intended  shajte  b y  tlie  apjdi cation  of  proper  instruments, 
f'y  Iwiders  for  !*team  engines  are  cast  hollow,  and  afterwards  bored  ;  but  in 
tiiis  caHc  the  borer  revolves,  and  the  cylinder  remains  at  rest. 
*  Ploughs,  spades,  piakaxae»'  uatkHske^  hamyfri^  and  other  agrieultoral 
faumaioMa,  MMUble  In  tMr  opetatlon  Hm  ditoel  and  tha  wvdga:  tint 
nuAefoos  dlfcnltf ei  in  thdr  fmn  and  the  oOmpUeationi  of  their  etruoture, 
aia  defcenninod  more  by  the  variono  modifications  of  their  action,  required 
for  particular  purposes,  than  by  any  material  difference  in  the  mode  of 
application  of  tha  prindplea  an  whieii  tbey  defend.    (Plate  XVIXI. 

Tlie  ]»r«>reRs  of  niininc:  in  a  combination  of  borinp:  and  digging.  Shafts 
are  <<nnk,  levels  are  driven,  and  drains  are  carried  off,  by  the  help  of  picks 
or  pickaMes^  wedges,  and  hammers,  the  rocks  being  also  sometimes  loosened 
by  blanting  with  gunpowdfi',  la  seuehing  tot  coal,  •  abaft  ia  aank 
thioqsfa  the  uppetmoet  aeft  alrata,  aadtha  «oelc  ia  Ihen  bofod  by  atriktng  U 
aaatinnall^  wiUi  an  inn  boivr  tarmlaating  fn  an  ad|e  of  ateal,  which  ifl  in 
tiba  meati  time  turned  partly  round  ;  and  at  proper  Intarrab  a  lOOop  is  let 
down  to  draw  up  the  loose  fragments.  In  this  manner  a  perfomtion 
is  sometimes  inade  for  more  than  a  hundred  fathoms,  the  borer  being 
lenpthened  by  piero'^  f^rrcwed  on  to  it ;  it  [4  then  partly  supported  by  a 
CountcrpoiHC,  and  is  worke<l  by  maehlnery  ;  if  it  happens  to  break,  the 
piece  is  miaed  by  a  rod  furnished  with  a  lioUow  cone,  like  an  extinguisher, 
which  is  driven  down  on  it.  Sometimes  tha  bof«r  ia  fdinliliod  with  IcnirM^ 
wUch  an  niada  t^  aet'On  any  part  at  plaaaiir^  and  to  aenpeoff  a  poitioii 
of  tha  anmundlB^  aabrtanoi^  which  iaoollaeted  in  a  pnper  neeptada. 

For  sawing  wood  mi  a  large  scale^  aawing  millB  an  very  advantagieoualy 
employed,  bdng  naually  driven  by  water.  Several  saws  are  generally 
fixed  in  a  frame,  parallel  to  each  other  ;  they  are  worked  up  and  do\vTi  by 
a  crank,  and  at  every  alternation,  a  wheel  i?  drawn  round  a  little  by  a 
catch,  or  dick,  and  moves  forwards  the  frame  which  supports  the  timber. 
When  the  machine  is  employed  for  cutting  the  fellies  which  form  the  oir* 
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flumfewmee  of  wheels,  the  frame  supporting  the  timber  is  made  to  turn 
round  a  centre.  A  circular  saw  ia  uaed  in  the  construction  of  blocks  and 
pullies  ;  and  in  order  to  makp  the  nuition  more  ^eonre  from  the  effect  of 
accidental  im'gulurities,  tht-  ^\  li^  c  ls  are  laada  to  turn  each  otlier  by  contact 
only,  without  teeth.  The  iuathiuery  for  making  blocks,  in  the  Ruyal 
dock  yard  at  Port^outh,  h&a  been  lately  much  improved  and  enlarged  ; 
H  is  irorktd  hy  %  ttetm  engine,  the  Mttioii  of  which  is  appUod  to  a  gnat 
fttrioty  of  pupoMB.  Tho  •dvantage  of  m  ww  wiiieh  iwtoIvm  oontiniMlij 
•ppcm  to  bo  Toiy  eonndonUA,  nnoo  a  Bmeh  gmtor  vdodty  iMgr  lie 
given  to  ifc  than  can  bo  olitoined  when  thomofioii is attomate.  Sodismw 
lias  also  Bometimss  bsen  allied  to  cutting  off  piles  imdar  water. 

In  mills  for  sawint*  marble  into  slabs,  the  «»hw«^  are  drawn  backwards 
and  forwards  horizontally  :  they  are  made  of  soft  iron,  without  teeth  ;  and 
sand  beine:  applieti  to  them,  wit)i  wnter,  during  tlie  operation,  the  sand 
is  partly  imbedded  in  the  iron,  and  gnudtt  away  the  marble. 

Granite  is  worlcsd  hj  driTingTo  inimber  of  thin  wodgas  rvry  gradually 
into  %  at  voiioas  poits  of  tiio  asetion  dsoiod ;  and  someCimss  wodgas  of 
wood  an  omployod,  which  bsiag  moistonsd  bj  witor,  tfadr  oxpansioii 
separates  the  parts  from  each  other.*  It  is  also  said  that  maaj  stones 
may  be  divided  by  drawing  tinra  on  them  with  oil,  and  then  exposing 
them  to  heat.  Pfrhaps  «nino  processes  of  this  kind  iniirht  y>^rft»rmed 
wiUi  advantage  under  water  it  is  well  known  that  ^rluss  may  l  e  cut  in  a 
rough  manner  under  water,  without  much  dithcuity,  by  a  common  pair 
of  scissors. 

For  reducing  the  magnitude  of  a  sobatanos  In  a  paitionlar  part,  instm- 
manto  of  attiition  an  naad ;  rasps,  files,  grindstonai^  and  hones ;  and  of 
all  thaso  the  immediate  actions  appear  to  weemble  those  of  diisds  and 

eawsi  The  hatches  of  files  are  cut  with  a  hard  diisel  iHiile  the  oteil  is 
soft,  and  the  files  are  afterwards  haidened.  In  using  the  giindsfcone,  water 

is  applied,  in  order  to  avoid  the  inconvenience  jiroduced  by  too  much  heat ; 
and  sometimes  tallow  is  substituted  for  water  with  e<^[nal  advantage  :  but  oil 
is  not  found  to  auiswer  the  same  puri)Ose  ;  and  it  ha-s  been  conjectured  that 
the  cold  continually  occasioned  by  the  melting  of  the  tallow  at  the  point 
of  fiiiction,  serves  as  a  snbstitute  for  the  cooling  effect  of  the  evi^»ocation 
of  ths  water.  For  grinding  and  polishing  steel,  the  grindstonas  an  nado 
to  nvolva^  dthor  vertically  or  horiaontslly,  with  a  ftMty  so  gnat  as  to 
desoribe  sometimes  as  much  as  60  feet  in  a  second.  The  steal  ia  alao  in 
some  oases  drawn  backwards  and  forwards  horixontally  on  a  circular  sur-> 
face,  and  in  order  that  the  action  may  be  equally  divided  throughout  the 
surface,  it  is  allowed  to  revolve  on  an  axis  by  means  of  the  friction;  ite 
motion  being  coiitmed  to  une  direction  by  the  action  of  a  catch. 

Various  substances,  chielij  of  mineral  origin,  are  also  used,  on  account 
of  their  hardness,  as  intermediate  materials  for  grinding  and  polishing 
othera.  Than  an  diamond  dnaC^  oomndnm,  emery,  tripoli,  putty,  glass, 
sandy  flint,  nd  oxid  of  ixtOL^  or  cnMoa  martin  and  preparsd  chalk ;  thqr 
an  sometimes  applied  In  loon  powder,  and  sometimes  fixed  on  lasfther, 

*  See  HcffH^'s  IMseeoras  on  Ihs  My  of  Nalonl  PUlBSB|ili]r,  p.  48. 
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irood  or  paper.  Guttia  fidi  bona,  mod  Mtl  tkiii,  vet  fiuniialied  by  the 
aainiil  Idngdoini^  and  Dnteh  nudiM  bj  fht  vegetaUa ;  tlwee  an  employed 
diieflj  in  poUahing  wood  or  ivocj. 

Mariib  IB  made  emooth  bjr  rabbing  one  pieoe  on  aaotlicr,  wifh  the  in- 
tnrpontion  of  awid ;  the  polishing  blocks  are  sometioMO  caueed  to  revolvo 
by  machinery  in  a  trough  in  which  the  marble  is  placed  under  water,  and 
are  drawn  nt  the  same  time  gradually  to  nnd  from  the  centre  ;  or  the  slab 
itself,  with  th*^  frame  on  which  it  rests,  is  drawn  slowly  backwards  and 
forwanls,  while  the  l)lu€k.«»  are  working  on  it.  Granite  is  polished  with 
irun  rubberts  by  means  of  saud,  emery,  and  putty ;  it  is  necessary  to  take 
oure  duing  the  operation  that  the  water»  which  triekles  down  from  the 
inbbei%  and  canies  with  it  aome  of  the  iron,  may  not  collect  bdow  die 
eoliimn%  and  stain  them ;  bat  thia  inoonvenicnea  may  be  wholly  avoided 
by  em]>IoyiDg  rubbers  of  glass. 

Optical  lenses  are  fixed  on  blocks  by  moans  of  a  cement»  and  gronnd 
with  emery,  by  a  tool  of  j)roper  convexity  or  concavity;  if  they  are  small, 
a  large  number  is  fixr  I  im  the  blocks  at  the  same  time.  The  tool  is  some- 
times first  turned  round  its  axis  by  machinery,  and  when  the  lenses  are 
to  be  iiutished,  a  compound  motion  is  given  to  it  by  means  of  a  crank  ;  and 
in  order  to  make  it  more  smooUi,  the  wheels  turn  each  other  by  brushes 
iniitead  of  cogs*  The  point  of  the  lans  where  its  two  SQifsoes  an  paiallcl, 
is  deteimined  by  looking  throng^  it  at  a  minnte  object,  while  it  is  fixed  on 
a  wheel  with  a  tabular  axis^  and  shifting  it,  nntil  the  object  no  longer  ap- 
pear* to  mow  t  a  dvole  is  then  deserihed»  as  it  revolves,  in  order  to  mark 
Us  outline. 

Machines  for  trituration,  by  means  of  which  the  I:\rc:er  masses  of  matter 
are  mished,  broken,  or  j-rnnnd,  into  smaller  parts,  are  in  general  compre- 
hended under  the  deuominutton  of  mills.  After  the  pertle  and  mortar, 
the  simplest  machine  of  tliiu  kind  appears  to  be  the  stamping  mill  ;  the 
stampers  resemble  the  hammers  of  the  mill  employed  in  the  extraction  of 
oils  from  seed^  and  the  machine  is  need  for  redncing  tu  powder  the  oces  of 
metal%  and  sometimes  also  barks^  and  linseed ;  the  soifaoe  of  the  stampers 
being  ermed  with  iron  or  sle^  Bat  barics  and  sseds  are  more  usoaUy 
ground  by  the  repeated  pressure  of  two  wheeb  of  stone,  rolling  on  an  axis 
which  is  forced  in  a  horiaontal  direction  round  a  fixed  point.  A  noble- 
man of  distinguishe<l  rank  and  talents  has  lately  employed  for  a  mortar 
mill,  a  wheel  of  cast  iron,  formed  of  two  portions  of  cone^,  joined  at  their 
bases :  after  thirty  revolutions,  the  mortar  being  bulhciiently  ground,  a  bell 
rings,  and  the  horse  stops. 

The  materials  for  making  gunpowder  are  also  ground  by  a  wheel  re* 
Tolving  in  a  trongh :  in  order  to  com  them,  they  are  moistened,  and  pnt 
Into  boxes  with  a  nomber  of  holes  In  their  bcttomi^  ^^^^  boxes  beiog 
placed  aide  by  side^  in  a  dredar  ftame,  iospended  by  oordi^  the  frame  la 
agitated  by  a  crank  tev(dving  horizontally,  and  the  paste  shaken  through 
the  hol^ :  the  coma  are  polished  by  canskig  them  to  rsvolve  rapidly  within 
a  barrel. 

A  revolving  barrel  is  used  for  forming  and  polishing  small  round  bodies 
of  different  kinds,  and  it  is  often  employed  in  agriculture  as  a  churn  for 

It 
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■laidng  batter.   The  purpoae  of  sgitstioii  is  perhaps  man  tOteHatSkj 
Mswered  by  an  aUemaie  motion,  which  has  aoimitfmes  haen  produced  in  a 
bsml  chuni,  hj  mesiia  of  a  covd  attadi«d  to  a  heavy  pendvliim. 
Threshing  machines  are  of  two  kinds ;  the  one  iwmHtH  of  a  nnmbi^  of 

flails,  beating  the  com  nearly  in  the  same  manner  as  ihej  aie  used  by 
InlioTirers:  in  the  other,  which  is  more  conmionly  employed  in  this 
country,  tlie  corn  is  dr.iwn  aioni;  hy  two  iwolvin?  rollers,  aud  caused  to 
pa.'58  between  a  cylinder  aud  its  concave  i  v,  while  a  number  of  blocks, 
prujectiag  iruiu  the  surface  of  the  cylinder,  Usat  ur  rub  uut  the  giuins 
▼eiy  efiWtoally  ftom  the  ears ;  the  corn  falls  imt  at  tile  lower  part,  and  is 
winnowed  by  a  Hm  which  the  machine  tarns  at  ths  same  time.  In  ^bn 
manner  it  is  said  tiisi  a  home  will  thresh  aboai  100  baslids  of  com  in  a 
day.  It  is  oommonly  reckoned  the  work  of  a  labouer  to  threeh  abootsix 
boahels  in  a  day.   (Plate  XVUI.  Fig.  237.) 

Some  kinds  of  grain  are  occasionally  i^round  in  mills  of  iron  or  steel, 
which  r<>T»«i«t  of  a  solid  eyUnderor  cone  turning  within  a  hollow  one,  both 
the  HuiiaccH  lieint?  cut  obliquely  into  teeth.  But  the  common  mill  for 
griadiniir  corn  is  comptj^cJ  of  two  circular  stones  of  silicions  prit,  placed 
horizuutally  ;  the  upper  one  revolves  witii  considerable  velocity,  auU  in 
sappoffted  by  an  axiii  passing  through  the  lower  one^  at  a  distanoe  TariaUe 
at  pleasure.  When  the  diameter  is  five  iiMt»  the  stone  nsaallymakeeaboai 
90  revolutions  in  a  minute;  if  tiio  vdodty  were  greater,  the  floor  would 
be  too  much  heated.  The  corn  is  shalcen  out  of  a  funnel  or  hopper,  by 
means  of  projections  from  the  revolving  axis  which  strilce  against  the  ori- 
fice ;  it  parses  throup^h  the  middle  of  the  upper  millstone,  and  is  readily 
admitt<  I  between  the  stoncn ;  the  lower  st<jne  is  slightly  convex,  and  the 
upper  one  .somewhat  more  concave,  so  tliat  the  com  passes  over  more  tlian 
half  the  radius  of  the  stone  before  it  begins  to  be  ground  :  after  bein^  re- 
duced to  powder,  it  is  discharged  at  the  circumference,  its  escape  being 
favoured  by  tiie  oooivexity  of  the  lower  stone,  as  wdl  as  by  the  eentrifugal 
Ibroe.  Thesttifiweelthestonee  is  eniintogroovei^inotdsrtomalntlum 
aet  moie  readily  and  elieelually  on  the  oosn.  Tk»  rfsistsnce,  in  grinding 
wheat,  has  been  estimated  at  about  a  thirty-fifth  of  the  weight  of  the  mill- 
stone. The  stones  have  sometimes  been  placed  vertiodly,  and  the  aaps 
supporte<l  on  friction  wheels  :  but  the  common  position  nppenrs  to  be  more 
eliq-iMe  for  mills  on  a  large  scale.  It  is  said  that  a  man  and  a  boy  can 
}  y  a  hand-mill  a  bushel  of  wheat  in  an  hour;  in  a  watermill,  the 
grinding  and  dressing  of  a  bushel  of  wheat  is  e^^uivaleut  to  Uie  effect  of 
20,160  pounds  of  water  falling  through  a  height  of  10  feet,  which  Is  about 
asnmdiasthewoikof  a  labourer  for  a  Uttie  more  than  half  an  hour.  In 
a  windmill^  when  tha  veloeiiy  is  incieaeed  by  the  tmgnlar  action  of  the 
wind,  the  com  is  r^v^^^**  fbrosd  rapidly  tfanmgh  the  mill,  without  being 
sufficiently  ground.  Tlieie  is  an  elegant  method  of  preventing  this,  by 
means  of  the  centrifugal  force  of  two  balls,  which  fly  out  as  soon  as  the 
velocity  h  augmented,  and  ns  they  rise  in  the  arc  of  a  circle,  allow  the  end 
of  a  lever  to  risp  with  them,  while  the  ojiposite  encl  of  a  lever  dewr^^nds  with 
the  upper  millfttone,  and  brings  it  a  little  nearer  to  the  lower  one.  ITie 
hran  or  husk  is  separated  from  the  flour  by  siftiitg  it  in  the  bolting  miU, 
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wluch  onuists  of  a  cylindrical  «eve,  placed  in  ao  iiiftlingJ  position  and 
turned  by  machinory.   (Plate  XYIII.  Fig.  238.) 

Wlien  the  flour  is  made  into  })read,  the  don  jli  rcqnircs  to  be  kneaded  : 
for  this  purpose  a  macbine  is  sometimes  used  in  which  four  or  more  bars, 
parallel  to  the  axis  of  nuilion,  are  turned  round  by  means  of  a  walking 
wheel.  The  dough  is  placed  iii  a  circular  truugli,  in  which  tlio  bars 
revohFit  not  quite  in  the  middle,  so  as  to  approach  in  each  revolution  to  one 
«f  its  sidsi^  and  thtu  tiw  dough  is  peipetnally  couipsUsd  to  chuga  HI 
fSonn. 

A  mibhiiie  of  nsarij  the  tsme  conslnictioii  is  onfilayed  lor  IcvigsAiiigf 
fltnlB,  after  they  liave  first  hem  made  red  Iwt,  and  plungsd  into  cold  ifalsr^ 
in  Older  to  render  them  fi-iable.   They  are  mixed,  when  it  is  BeQSSsaiy» 

with  other  bir-jre  stones,  and  the  wat^r,  in  whidi  the  process  is  perfontM'd, 
carries  off  the  powder,  and  deposits  its  coarser  parts  in  a  short  timo,  «  hile 
the  finer  remain  much  bnger  suspended,  and  are  thus  separated  from  the 
rest* 

When  a  mechanical  structure  is  to  be  demolished,  or  a  natural  substance 
to  he  broken  into  smaller  parts^  we  hare  often  oecaiion  to  employ  the  eol- 
leelsd  feioe  of  men,  the  powers  ef  maehineiy,  or  the  expansiTe  foroe  of 

dbemicel  agents.  Battering  rams,  or  wooden  beams  suspended  by  ropes 
and  armed  with  iron»  which  were  used  by  the  warriors  of  antiquity  in  be- 
meging  a  town,  are  now  generally  superseded  by  the  introduction  of 
artillery,  althou^Ti  they  may  perhaps  ^till  afFtird,  in  some  cases,  a  more 
economical  and  equally  pow^erful  mode  of  openition.  The  same  mo- 
mentum, and  the  tmae  enei^,  may  be  triven  to  a  battering  ram  at  a  hm 
expense  than  to  a  cannon  ball ;  ))ut  it  is  probable  tliat  the  efficacy  of  a 
cannon  ball  is  chiefly  owiug  to  the  augmentation  of  its  Telocity  beyond 
that  limit»  which  is  the  utmost  that  the  enbskance  to  be  destroyed  ean  siia- 
tain  without  giring  way,  Independently  of  the  mass  of  the  body  idileh 
etnkeeit. 

For  demolishing  smaller  aggregates,  pincers^  hammers,  and  crows,  are 
generally  sufficient ;  to  these  sometimes  more  complicated  instrumenta  are 
added.  Thus,  for  example,  several  machines  have  been  invpoft^*!  for  draw- 
ing out  ship's  bolts.  A  h(»ok  which  grapples  like  the  common  instrument 
for  drawing  Usetii,  iias  been  applied  for  holding  tliem  firmly,  ami  siunetimes 
a  screw,  turned  by  means  of  wheelwork,  has  been  used  for  gaining  a  force 
sufficient  to  oToeome  tb^  adhedoit.  In  afl  wch  casss,  lioweTer,the  eflfect 
of  parensflion  has  a  considerable  advantage ;  and  eren  if  ofiier  means  are 
empleyed,  it  is  of  use  to  begin  with  lessening  the  firmness  of  the  adhesion 
by  the  blows  of  a  hammer ;  and  in  this  manner  a  aerew  may  be  extracted^ 
which  ia  so  firmly  atlsdied  by  ite  rust  aa  to  he  immoreahle  by  other 
means. 

The  expanMve  force  <»f  lif^  it  is  frrqnnntly  of  -^reat  service  in  dividing 
rocks,  or  in  destroying  old  builJiagn.  I  liis  is  sometimes  done  simply  by 
the  application  of  fire,  as  in  the  mine  of  ilammelsberg  in  the  HaTtz,  where 
the  stratum  containing  the  ore  is  of  such  a  nature,  partly,  perhaps,  on  ac- 
ooont  of  the  eomtmstibie  matter  which  enteas  into  its  cmnpeaHlon,  that,  by 
the  elfeet  ctfa  Uoge  quantity  cf  ftld  wliich  is  Bamiln  the  vast  excavatieay 
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of  which  it  forms  Hk?  side,  it  is  rendered  so  friable  as  to  be  worked  with 
ease.  More  commonly,  however,  the  force  of  gunpowder  is  omployed,  and 
rocks  are  generally  blasted  with  great  convenience  by  an  explosion  of  this 
powerful  agent.  A  liole  being  bored  to  the  depth  of  three  or  four  feet,  the 
powder  is  placed  at  the  bottom,  and  a  wire  being  introduced^  small  stones 
•nd  Mud  sre  runmod  roimd  it^  and  tlM  wire  ia  withdrawn,  leaving  a  com- 
nmnicadon  for  firing  the  powder  by  means  of  a  trun  of  snffioient  leDgth  to 
insure  the  safety  of  the  workman*  It  is  said  that  the  explosion  is  mors 
efficacious  when  the  powder  does  not  fill  the  whole  of  ^e  eavity ;  this^ 
however,  appears  to  require  confirmation.  The  chemical  powers  which  are 
the  ultimate  rauses  of  the  operation  of  gunpowder,  belong  to  a  department 
of  philosopliy  which  it  ia  not  our  business  to  investigate  :  but  tlie  elasticity 
of  the  gases  and  vapours  which  are  extricated,  as  nu  lif^td  1  v  the  heat 
which  accompanies  their  production,  will  be  considered  and  expiamed  in 
tiie  Bahsequent  divisions  of  this  Course  of  Lectures* 


Laor.  XIX.— ADDITIONAL  AUTU0&1T1£S. 

Tlie  s\ibj.  ( Is  embraced  in  tbifl  liecture  and  Lecture  XVT.  nre  of  so  miscellaneous 
a  nature,  that  a  detailed  list  of  authorities  would  be  very  tedious.  We  refer  for  ge- 
nerml  inforniBtion  to  the  Bncyclop^ie  Mfthodique  Arts  et  MAiers.  Machines  ap* 
prouv«?es  par  1'  Ac  iJemie  Royale  des  Sciences,  4to  and  fol.  1735-8P.  B  iil<  y's  Plates 
of  Machines,  approved  bj  the  Socie^  of  Arts,  2  vols.  foL  1782.  Repertorj  of  Arts, 
1794   Nieh(d«ni*B  Journal,  1797   FMloMphical  Magazine,  1798   An- 
nals of  Philosophy,  1800            Mechanics*  Magazine.    Newton's  PBti  i^fs,  Eimi- 

neers'  and  Architects'  Journal,  Tho  Eocjclopsedias  Britannica  and  MetropoUtaoa, 
ftc.  Bus. 

TreatistM. — Borgnis,  Th^rie  de  laM^caniqne  Induatrielle,  4to,  Par.  1 821.  Du- 
pin,  Introdnction  d'un  Nouveau  Cours  de  Geom^trie  et  de  M^nique  appliqo^ 
•ox  Arts,  1824.  Second  Discours,  1825.  Gtom^rie  et  M^caniqne  appUqute  sm 
Arts,  3  vols.  182S'8.  Christian,  Traitt'  de  Mecanique  Industrielle,  3  vols.  4to, 
1822-5.  Hachette,  Traitt  El^entaire  des  Machines,  4to,  1828.  Barlow  on  Ma. 
nofactures  and  Machinery,  4to,  1836.  Ure's  Dictionary  of  Arts,  Mannfactnrta, 
nd  Minss,  1839.  Sspplemsut,  1844. 
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ON  THE  HISTORY  OF  MECHANICS. 

The  order  which  we  have  pursued  in  considering  the  various  depart- 
ments of  mechnniral  srience,  has  heen  in  great  measure  synthetical,  dic- 
tated by  the  plan  f  [  rottt  Jing  loi^cally  from  the  most  simple  principles  to 
their  more  complicated  comUiuations,  tto  as  to  build  at  every  step  on  foun- 
dations which  had  been  firmly  laid  befoit :  and  tliis  method  is  unqoestion- 
nUy  tbe  best  adapted  for  t]ie  expeditious  progress  of  a  student  in  sdsnoos 
with  which  ho  is  unacquainted.  Bui  having  once  acquired  a  certain 
degree  of  knowledge^  he  is  anxious  to  be  Informed  by  what  steps  that 
knowledge  was  originally  obtained,  and  to  what  individuals  mankind  is  in> 
dehted  for  each  im^rorement  that  has  been  sucoesslTely  made.  Henoc^ 
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although  we  cannot  attempt  to  enter  into  a  complete  lii-^t  un,'  of  mechanics, 
it  may  still  he  satisfactory  to  take  a  short  retrospect  of  a  few  of  the  most 
renmrkahle  eras  in  mechanical  philosophy,  and  in  thofle  parts  of  mathe- 
nato  on  which  H  Umaediately  dep«ndA, 

It  is  uiuTenaUy  allowed  that  the  Greeks  derired  the  dcnieiits  of  nafha- 
natiealy  mechanical,  and  astronomical  learning  from  Egypt  and 'from  the 
East*  Diogenes  Laertius,  who  ftppoars  to  be  Tcry  denzoos  of  claiming  for 
hi^  coantryilieQ  the  merit  of  originality,  does  not  deny  that  Thales  and 
Pythajroras  acquired  much  of  tlieir  knowledge  in  their  travels.  Thalp"  of 
Miletii''  the  first  that  can  be  supposct!  to  h:ive  introduced  the»e  studies 
into  Greece.  M(jeri?i,  who  was  probably  a  kiug  of  Esrypt,  and  Theuth  or 
Thoth,  a  native  of  the  same  country,  are  mentioned  as  having  laid  Uie  foun- 
dations of  geometry ;  but  the  sdence  conld  scarcely  have  eodWMled,  in 
tiioae  ages,  farther  than  was  hanly  neoessaiy  fmr  the  measoiement  olland; 
rfnee  Thaies^  or  even  »  later  piiiloeophery  is  said  to  have  fint  diseovered 
that  two  lines  drawn  from  the  extremities  of  the  diameter  of  a  circle,  and 
meeting  in  any  other  part  of  its  oiroamfBienoe  form  with  each  other  a  right 
angle.  Thales  was  one  of  the  seven  whom  antiquity  distinguished  by  the 
Rppcllation  of  wise  men  ;  he  flourished  about  600  years  before  the  Christian 
t  ra,  aiiii  he  wn'^  the  father  of  the  Ionian  f^rhool,  the  members  of  which,  in 
8a'usi4u  lit  lune>i,  devoted  themselves  more  particularly  to  the  study  of 
moral  tliau  of  natural  pliilosopby. 

The  Italian  aefaool,  on  the  eontraiy,  wUch  was  fiimnded  hy  Pythigons^ 
appears  to  have  heen  moveindined  to  tiie  study  of  nature  and  of  its  laws; 
although  none  of  the  departments  of  human  knowledge  were  exdnded  fhnn 
the  pursuits  of  either  of  these  principal  divisiona  of  the  Gieeian  ssgas^  until 
Socrates  introduced  into  the  Ionian  school  a  taste  for  metaphysical  specu- 
lations, which  excluded  almost  all  disposition  to  reason  coolly  and  clearly 
on  natural  causes  and  effects.  To  Pythagoras  philosoytby  i«'  indpbte<l  for 
the  name  which  it  bears ;  his  predecessors  had  been  in  the  haijit  of  calling 
themselves  wise,  he  chose  to  be  denominated  a  lover  of  wisdom  only.  He 
had  studied  under  Pherecydes,  uud  Pherecydes  under  Pittacus  :  but  with 
le^eet  to  mathematieal  and  mechanical  researches,  it  does  not  appear  that 
either  of  his  teacherB  had  made  any  ira^vementa.  On  hia  return  from 
hb  tmvels  in  Elgypt  and  the  Eaet»  in  the  time  of  the  last  Tarquin,  ahont 
fiOO  years  before  Christ,  he  found  his  native  eountiy  Samoa  under  the  do- 
minion of  the  tyrant  Polycratcs,  and  went  as  a  voluntary  exile  to  seek  a 
tranquil  retreat  in  a  comer  of  Italy*  At  Cioto^  says  Ovid,  he  studied  and 
taught  the  laws  of  nature. 

**  From  human  view  what  erst  bad  lain  concealed 
III?  piercine^  mind  to  open  light  rrvpalcd  ; 
To  patient  toil  lus  ardent  soul  conatraiaed, 
Of  Nature's  richest  stores  possession  gained  t 
And  (IwDee^  wiUi  ^kming  heait  sad  Ubsrd  hs^ 
He  dealt  her  trMeores  o'er  Oe  llsbeniaf  laud. 
The  TTondering  crowd  the  laws  of  Dslae  hssiBa 
And  each  gEesfc  troth  in  silent  am  rs«ens.*' 

*  See  KsOsod's  Leetmesen  Samitmttfe  MsdMomtiffis,  Edbb.  1849.  Lsst.  L 
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However  erroneous  the  opiuion  nmy  he,  that  Py^uigoras  was  ftcquamled 
wiih  the  kwB  of  grantatbii,  tt  it  onrtaia  fltal  he  maA»  ouuidemble  imr 
proremenU  both  in  matbematice  and  in  meohiuuc8»  and  in  pertiealar  that 
he  diBooyend  the  weU  known  lelation  between  the  hypotennee  and  the 
aides  of  a  right  an^^  triani^^  and  denMmafcrated  tiiat  the  square  of  the 
hypotsnnse  is  always  equal  to  the  sum  of  the  squarrs  of  the  sides.  This 
theorem  is  more  essential  to  the  perfection  of  <j:pninptry  than  any  other  pro- 
position that  can  be  named;  and  if  may  judge  by  the  «itorv  of  his 
having  sacrificed  a  hecatomb  to  the  Mubcs  on  occasion  of  the  dincuvcry,  he 
seems  to  have  had  a  foresight  of  the  magnificence  of  the  edihce  that  was  in 
subsequent  times  to  be  built  on  this  foundation. 

JDemecritme  of  Abdara  Ihed  alia«t  «  oentniy  after  I^agoraa^  whoes 
woiIes  he  studied  and  whose  piini^leB  he  adopted.  He  appean  to  have 
bsan  poimsioed  of  TSiy  cDBtensiTe  knowledge  and  piofaond  learning ;  hot 
little  remains  of  his  works  esioeptingiliab'tltilsrt. '  Some  have  attribntsdio 
him  the  invention  of  the  method  of  airanging  stones  so  as  to  form  an  arch. 
Seneca  thinks  that  siinj)le  an  invention  must  lirtvp  T>een  practiied  in 
earlier  ages:  but  Air.  King  has  endeavoureil  to  9hosv  that  its  general  intro- 
duction in  buildincr  was  of  much  later  date.  Architecture  and  other 
mechanical  arts  had  liowever  been  considerably  advanced  some  time  before 
fllis  period,  if  it  b  true  that  Ctesiphon  or  Chersiphron,  who  bnilt  the 
tsmple  of  Ephesoi^  was  eontemporaiy  with  Graesns  and  Ihaies.  It  Is  nn- 
entain  at  what  time  bridges  of  stone  were  first  bnitt ;  and  it  is  donhtfiil 
whether  the  art  of  building  bridges  of  wood  was  Teiy  wsil  nndentood  la 
Ihfloe  ages :  for  aeooiding  to  Herodotos^  ft  was  oomvonly  l>elirv(  a  that 
Hiales  avoided  the  neoesaltgr  of  proooring  a  passage  oyer  the  Ualys  for  the 
army  of  Crfw^^u**,  by  encamping  them  on  its  Lanks,  and  cutting  a  channel 
for  the  river  in  their  renr,  although  the  historian  himself  is  of  opinion,  that 
they  passed  over  bridct  s  w  hich  already  existed.  Curtius  speaks  of  a  bridge 
of  stone  over  the  Eupliiiik.s  iit  i>al)ylon,  which  appearii  to  have  been  built 
long  before  tlie  time  of  Alexander,  whose  expedition  he  xriates ;  and  it  is 
scarcely  probable  that  a  slone^  bridge  conld  haTO  withstood  Ihe  Impales  of 
so  rapid  a  riTer,  if  ithad  been  supported  by  edlnmns  only,  without  archei^ 
rineetheymnsthaTelefttoosmallaspaoeforthepaBngeof  the  water.  If 
however,  we  may  beUeve  Herodotus,  whom  Hr.  King  has  quoted,  this  was 
in  reality  a  kind  of  drawbric^.  According  to  this  author,  it  was  built  by 
Nitocris,  the  immediate  successor  of  Semiramis  :  the  stones  were  united  by 
iron  and  lead,  and  lieams  were  laid  across  tli'  in  i^vhich  were  removed  'at 
night,  in  order  to  })rcvent  tlic  mutual  depredations  of  the  inhabitants  of  dif- 
ferent parts  of  the  city.  We  are  informed  by  Pliny  tliat  Ctesiphon  lowered 
hia  large  bloeki*  uf  st^me  by  placing  Uiem  on  heaps  of  sand  bag^  and 
letting  out  the  sand  by  degrees ;  it  dose  not  appear  how  he  rsissd  them,  but 
the  inclined  plane  asems  to  aflwd  the  simplest  and  most  obvious  method. 

Archy tas  of  Tarentnm  and  Sudoxna  of  Gnidue  were  also  ]^rthagorean8. 
They  were  the  first  that  attempted  to  make  the  mathematical  sciencse 
familiar  by  popular  Illustrations ;  and  Archytas  is  said  by  some  to  have 
invented  the  pulley  and  the  screw.  They  lived  nearly  l.^O  years  after 
I^ythagoras,  and  geometry  had  made  in  the  mean  time  very  rapid  advance»» 
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for  tha  popirtiM  «f  tlie  conic  ceeOoni  vera  w«n  knowD  to  these  phikco* 
phcn.  «The  ftni  poEMin^*»        Pliiteieh»  "tfaatodtlvatedtliosncttiod 

of  Qigitnic  geometry,  were  of  tiio  Bcbool  of  Eudoxus  and  Aidiytos.  Thoie 
philosophers  introduced  elegance  and  variety  into  science,  by  illiuibwtionB 
derived  from  sensible  objects,  and  made  use  of  mechanical  contrivances  for 
expediting  and  familiarising  tlie  solutions  of  ]iroblcnis,  which,  if  niorc 
matluniuii tally  treated,  are  complicated  an  l  tlitficult  :  each  of  th(  in  in- 
vented a  metliud  of  dutermiuiug  in  thi»  manner  the  magnitude  uf  two 
moan  proportionals  beiwoen  two  given  lines,  by  the  assistance  of  certain 
corvM  tad  SMtioiu.  Plato  1^  no  means  upprorcd  of  tiieir  mode  of  pto* 
CMding^  and  npnliaidod  tliem  m^tanfy,  aa  giving  tip  and  panrcrfii^  tbe 
moat  eamntial  advantages  of  geomaizy,  and  cannng  the  adanoa  to  lovert 
from  pwra  and  incorporeal  forms  to  the  qualities  of  sensible  bodies,  sab- 
jected  to  narrow  and  servile  restraints.  It  was  for  this  reason  that  practi- 
cal mechanics  were  epi>arated  from  geometry,  and  were  long  neglected  by 
piniubt>pher8,  being  con;*idered  as  ft  department  only  of  the  art  of  war." 

Aristotle,  wlio  was  almost  tlie  la^t  of  the  Ionian  schuul,  Hourished  a 
liUle  lesb  than  half  a  century  after  ^Uxhyias  ;  he  wus  perhaps  the  author 
of  no  original  diaeoTolea  relaiinff  to  tha  priindl|ilea  of  maehanice^  hnt  wo 
find,  in  hia  txeatiae  on  thia  leianceb  tha  law  of  the  compoailion  of  motion 
▼eij  dSatinctly  bud  down ;  ha  makei^  howovery  aoma  miatakea  iwpeeting 
tha  pn^rties  of  levers.  Hh  general  merit  in  degant  liCefatniei  aa  well  aa 
in  natnral  hiatoiy  and  natoml  phikaophy,  ia  too  wdl  known  to  mquiin 
encomium. 

The  foundation  of  Alexandria  commences  a  period  memornhlo  for 
science  in  general,  but  more  particularly  for  mathematics  and  astrouomy, 
Dinocratef)  was  the  architect  whom  Alexander  employed  in  laying  out  and 
iu  building  thia  celebrated  city.  Among  those  who  studied  in  this  school, 
the  adflocea  am  indebted  to  noaia  mom  tiian  to  Endtd,  who  lived  ahontdOO 
yearn  belom  oar  enu  It  ia  nneartain  how  much  of  Ida  Elcnanta  may 
have  been  derived  from  hia  own  inveattgatiuma ;  Imt  Uia  maaterly  manner 
ui  which  this  well  known  work  b  arranged,  and  the  precision  and  accuracy 
wliich  reign  in  every  part  of  it,  demand  abnoat  aa  gnat  a  ahan  of  pvaiea 
as  ia  due  to  original  discovery. 

Ej)icuru8  was  a  contemj>«»rarv  of  Euclid,  and  is  considered  as  tlie  last  of 
the  I'ythagurean  or  Italian  |>hiluHopliers.  The  j>enetration  that  he  dis- 
covered iu  tttiiiiguing  the  true  cauiie«  to  many  mechanical  phenomena,  his 
explanatione  of  which  an  copied  by  LneretiuS)  is  eaffidaat  to  indnce  na 
to  look  fimwafda  with  hnpatienea  to  the  publication  of  each  of  hia  worki^ 
aa  have  late^  been  diaoovend  among  the  mannsoripta  of  Horenlancom, 
Apollonina  of  Ptoga  lived  about  haH  a  century  later;  tlie  eleguice  and 
eoEtant  of  his  investigations  of  the  most  abetmee  propectiee  of  the  oonio 
sections  left  but  little  to  be  added  to  them  by  more  modern  geometricians. 
The  architect  Philo  app^^nr^  to  have  been  more  ancient  than  ApolUmius; 
but  he  is  not  tbe  Pbilo  whubc  essay  on  warlike  engines  is  published  Lu  the 
collection  uf  the  Ancient  mathematicians ;  since  this  author  was  a  pupil 
uf  Ctetiibiuii. 

For  the  demonakration  of  the  todamental  propeitiei  of  the  lever  and  of 
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the  oentre  ef  gtvdty ;  for  the  discovery  of  the  laws  ol  hydiMtatiei^  and 
of      modM of  detaminiiig  fhe  spcdiie  giavitios  of  bodfw;  for  tho  con- 

stnietioil  of  the  first  cranes  and  of  the  first  planetarium ;  and  for  thoM 
improvements  of  the  methods  of  Buihemstical  investigation  which  have 
been  the  basis  of  every  modern  refinement  in  analytical  calouliitioTi ;  for 
all  tlu'se  additions  to  our  knowled^o  and  our  powers,  we  arc  iiulel>ted  to 
Archimedes.  On  a  cliaractcr  m  eou.siiicuoub,  we  can  with  ])leai5ure  dwell 
long  enougii  to  attend  to  mme  particulars  of  his  history,  which  are  related 
hy  Flutai!«]i  in  liia  account  of  Uie  nege  of  Syiacoee ;  omitting,  however, 
each  details  as  are  evidently  fabvlons.  Ardiimedes,"  says  Flntarch, 
« armed  with  his  o«m  inventions  only,  made  light  of  the  splendour  of  tho 
Roman  prepaxatioos,  and  of  the  gloiy  of  the  name  of  Hareellits.  And 
theee  were  inventions  that  he  even  considered  as  of  subordinate  vidue^  as 
geometrical  playthings,  which  had  been  the  amusements  of  his  leisure  hours. 
It  was  king  Uiero  that  first  induced  him  to  transfer  a  portion  »'f  hi»  •^cifMice 
from  intellectual  to  material  objects,  and  to  condescend  in  some  «K  _ri  r  in  the 
comprehension  of  the  multitude,  by  giving  a  seimble  form  to  those  truths 
which  in  their  abstract  state  are  discoverable  only  to  the  reasoning  faculty. 
Archimedes,  who  was  a  frimd  and  a  relatimi  of  Hiero,  had  asserted  tlni 
any  wwght  whatever  might  he  moved  by  any  given  power :  and  depending 
oa  the  validity  of  Us  arguments^  had  given  scope  to  his  imagination,  and 
boasted  that  if  he  had  another  earth  to  which  he  could  step  over,  he  would 
draw  the  whole  of  the  present  globe  out  of  its  place.  Uiero,  surprised  at 
the  boldness  of  his  assertion,  requested  him  to  give  some  s<ilistantial  proof 
of  its  truth,  by  nmving  a  great  weight  with  a  huiall  pnwpr;  u])on  this 
Arclii  nil  I  les  procureii  a  ship,  which  was  witii  great  labour  drawn  up  on  the 
shore,  and  having  completely  manned  and  freighted  her,  he  seated  himself 
at  a  distance,  nd  by  lightly  touching  the  first  movement  of  a  machine^  ha 
drew  lier  along  as  smoothly  and  as  safely  as  if  she  had  been  sailiog  in  the 
deepest  water.  Hiero,  foil  of  astonishment^  and  admirii^f  the  powen  of 
meehanieal  art,  prevailed  on  Archimedes  to  construct  such  engines  both  of 
defence  and  of  u finance,  as  might  ])0  of  t]«ie  to  him  in  case  of  a  siege  :  for 
these,  however,  Hiero,  who  liveti  a  life  of  peace  and  prosperity,  was  not  so 
unfortunate  as  to  have  occasion  ;  but  they  now  became  hisrhly  valuable  to 
the  Syracusans,  and  they  wcie  of  t!u  im  re  advantage,  as  tlieir  inventor 
was  present  to  direct  Uicir  ubc.  And  m  fact  the  whole  people  of  Syracuse 
constituted  l»at  a  part  of  Arehimedei^s  corporeal  nuK^inery,  and  he  was 
the  sonl  that  moved  and  governed  the  whole.  Allother  arms  wete  deserted, 
and  they  employed  his  oigines  alonc^  both  for  their  own  defence,  and  for  the 
annoyance  of  the  enemy.  In  riiort  the  Romans  soon  became  so  terrified^ 
tliatif  they  saw  a  stick  or  a  rope  upon  the  wall^,  they  cried  out  that  it  waa 
iM^tme  machine  of  Archime<los,  and  immediately  fled  ;  so  tliat  Marcellus 
at  la^t  determiner]  *(>  U  sist  from  attempting  to  take  the  place  by  assauH^ 
and  re»ulvt'd  to  Idockaileit  only. 

Archimedes,  however,  had  sucti  depth  of  intellect,  and  8U<^  sublimity 
of  mind,  that  notwithstanding  he  had  obtained  by  these  inventions,  tfaA 
credit  and  glory  of  an  tntelltgence  rstber  divine  than  human,  ha  tho«gfat  it 
nnworthy  of  him  to  leave  any  written  treatise  on  the  subject^  considering 
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pitetol  mechanke  aadtvayaHfhfttbooncenwdinnlliiyingllMwuilf 
€f  life,  M  ignoble  md  sovdid ;  and  iwdiig  all  lus  liop«  of  fuw  on  tlioM 

works,  in  which  the  magiiiftoent  and  the  elegant  are  exhibited  nnotmtaini* 

natod  by  the  imperfections  of  the  material  world  :  works  that  are  oom- 
parable  to  nothinir  else  that  the  mind  of  in«n  hn'^  pro'luoed  ;  in  which  the 
suhjcct  only  cunteuds  with  the  mode  of  treating  it,  the  niat;nitutle  and 
beauty  of  the  one  being  rivalled  by  the  accuracy  and  vigour  of  tlie  otlier. 
It  b  impossible  that  propobitions  more  difficult  aud  importaat  t»hould  be 
dodueed  from  idmpler  and  purer  elemeute.  Some  attribute  tfiia  exoeUenoo 
to  hie  natoial  genius,  otfaeis  to  liie  indefatigable  appMcaHon,  which  baa 
given  to  vnry  thing  that  he  hae  attempted  the  ^ipeanmee  of  having  been 
performed  with  ease.  For  we  mi|^t  onieelves  search  in  vain  for  a  demon- 
stration of  his  propositione ;  but  eo  Bmooth  and  direct  is  the  way  by  wliioh 
he  leads  uh,  that  wlien  we  have  on<'e  passed  tt,  we  fancy  that  we  could 
readily  liave  found  it  without  assistance.  We  may,  therefore,  easily  give 
credit  to  wiiat  is  said  of  liini,  that  being  m  it  were  fascinat^'d  Ity  this 
domestic  syren  tiiat  bore  him  company,  he  often  neglected  his  food  and 
hie  elolhing  ;  that  when  eometimes  brought  by  compulsion  to  the  bath%  he 
need  to  draw  hia  fignrae  in  tiie  adiea  of  the  fire  phwei^  and  to  make  hia 
caleolaliona  npon  tha  eoameliee  that  were  emptoyed  by  the  attendant! ; 
deriving,  like  a  tma  votary  of  the  muses,  every  pleasure  from  an  intelleo- 
tual  origin*  Among  all  his  beautiful  discoveries,  he  is  said  to  have  cIuMen 
that  of  the  proportion  of  the  sphere  and  cylinder  for  his  sepulchral  honours  ; 
requestint:  nf  friends  that  t!iey  would  place  on  his  tomb  a  cylinder  con- 
tainincr  a  spliere,  and  in.scrilje  un  it  the  ratio  which  he  had  first  determined. 

**  By  urtitice,  and  through  the  tiiouglitleasness  and  tsecurity  of  a  day  of 
feetivity,  the  Romans  at  length  obtained  possession  of  Syracuse,  and  in  the 
pillage,  although  ofdete  had  been  iaiaed  that  the  life  of  Ardiimedee  ehonU 
be  qiared,  he  waa  IdUed  by  a  private  eoldier.  Hie  death  ia  variooaly 
telatedy  bnt  all  accounta  agree  that  Maredhie  wia  daqily  eouoemed  for  Ua 
lofls,  that  he  held  liia  aesassin  in  abhorranoe,  and  conferred  distinguished 
favours  on  his  surviving  relations/'  This  event  is  supposed  to  have  hap- 
pened about  212  years  before  the  birth  of  Christ  ;  and  the  cultivntion  of 
mechanical  philos4jphy,  which  had  been  continued  for  four  hundred  years 
with  increasing  succesa,  was  ^most  wholly  interrupted  for  eighteen  cen- 
turies. 

There  Uved,  howeviry  in  tiie  nieas  thni^  aoma  mathenntidane  and 
medianiea  of  conriderable  m«it*  A  wivk  on  warlike  machinee,  addreeeed 
to  Hareellas  by  Athenaeos^  ia  eClO  extant^  and  maybe  fonud  in  the  eplendid 

collection  of  writers  on  military  meehanice  entitled  Mathematici  Veteres. 
Ctesibius  of  Alexandria  waa  about  a  century  later  than  Arehimedes ;  he 

enriched  hydraulics  with  several  valuable  inarbines  ;  although  he  contri- 
biitfd  little  to  the  advancement  of  throretii  il  i n \T?ti2rntinn.  f!crn  wa«  of 
tli(  same  scho(d,  and  his  pursuits  were  .similar  ;  nonie  ot  his  treatises  on 
hydraulics,  pneumatics,  and  mechanics,  are  published  in  tlie  collection  of 
Aneidit  mathemaHcians,  and  some  othere  are  atiU  extant  in  manuscript. 
We  are  mformed  by  Pappus,  that  Hero  and  Philo  had  referred  the  proper* 
taea  of  tha  lever,  the  wheel  and  axii^  the  poUey,  the  wedgf^  and  the  eciew. 
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to  tht  MOmlnndaiiiiiktal  pBndple ;  m  tbal  flM  thsoiy  of  tbo 

powers  iMgaa  at  thai  time  to  bo  oxferomoljr  ^nSL  undentood.  Tho  tnatiMi 

of  Hero  on  pneumatioi  and  on  automatons  oontain  many  very  ingenious 

inventions,  but  they  are  rather  calculated  for  amnsement  than  for  utility  ; 
among  them  is  a  cuppina:  instrument,  which  operates  nearly  in  the  manner 
of  an  air  pump.  A  work  of  Bito,  on  warlike  machineiy,  addressed  to 
long  AttaluH,  ib  inc hided  in  the  same  collection. 

Yitnivias  was  an  author  of  great  general  knowledge :  he  lived  under 
OM  of  tho  oarliost  of  tho  Gaann,  aad  tho  gioateot  part  of  our  iofoimation 
lotpooting  tho  iDoehaiuoB  of  aatiqnily  baa  boen  dori^od  him  hia  worka. 
Apollodorua  waa  onployed  by  Trajan,  in  building  a  bridge  over  tho 
Danube,  in  the  jw  102 ;  he  has  l«ft  a  tvoatios  on  besieging  a  town,  which 
is  to  he  found  among:  the  Ancient  mathematicians.  Diophantus,  Pappu^ 
and  Prnclus,  were  inritliematicians  of  eniinenre  :  Diophantus  coniined  him- 
self in  great  ineaaure  to  aritlimetic  and  pure  geometry  ;  hut  the  last  lM>ok 
of  Pappus's  collectiouB  is  devoted  to  mechanics,  and  Proclus  wrote  a 
treatise  on  motion,  which  ia  otUl  oictaiLt**  The  radimonts  of  algebraical 
notation  and  catealation  may  bo  found  in  tho  worka  of  JMophantoo ;  but 
tho  Jueahiana  appear  to  havo  fint  pimetiaed  tho  method  of  denoting  quanti- 
tiea  in  genonl  by  literal  chaiactors  ;  they  made,  howoror,  no  oonnderablo 
advances,  and  mathematics  in  gMieiai  remained  nearly  itationaiy  until  the 
time  of  the  revival  of  letter»<. 

Durintr  the  lonjj:  interral,  in  which  learning  and  science  were  involved 
in  the  darkness  of  the  middle  a;»es,  the  arts  suliscrvient  t<»  the  convenience 
of  life  were  also  iu  great  measure  ueglectcd.    it  is  evideut  from  many 
remains  of  antiquity,  that  various  manufactures  had  attained  in  Greece 
and  at  Bome^  a  high  degree  of  perfection ;  bat  the  irruptiona  of  tho  ba^• 
batiana  were  aa  ofl^val  in  suppreaaing  the  refinononta  of  aTiliaaHon,  aa 
in  checking  the  puianit  of  Uteraiy  aoqutrements :  our  own  country  waa 
not  tho  earliest  in  recoming  the  arte  which  had  been  lost,  but  it  haa 
always  received  with  open  arms  those  who  have  excelled  in  them  ; 
and  the  improvement'^  which  have  been  mad<',  witliin  a  few  centuries,  in 
the  British  manufactures,  have  obtained  for  tJum  a  celehrity  unrivalled  Ijy 
those  of  any  other  nation.    The  ancient  Britouj?  art  ^upj)osed  to  have 
made,  in  common  with  tlie  other  Celtic  nations,  coariie  cloths  and  felts  of 
wooly  and  perhapa  eome  artioiea  of  linen ;  tiieir  cbariota  of  war,  whidi  are 
mentioned  by  Caeaar,  oonld  not  tiaTo  been  ozecnted  without  eome  ddll  in 
tho  arte  of  tho  carpenter  and  the  smith.  Tho  Bomana  introduced  a  certain 
digvee  of  dviliaation  into  England^  but  it  appears  to  have  been  in  a  great 
measure  forgotten  soon  after  they  loft  the  country.   In  the  seventh  cen- 
tury, several  architects  and  workmen  were  brought  from  tlie  continent  by 
Wilfrid  and  Biscop ;  they  rt  storpd  the  practice  of  building  with  stone, 
which  had  l>ecn  generally  superseded  by  wood,  and  laid  the  ft»uii»ktlion  for 
other  improvements.    Iu  tlie  time  uf  king  Alfred,  tiie  ii.uglii»li  goldtmuths 
began  to  excel,  and  before  tho  conquest,  the  woollen  manoftetniea  had 
acquired  a  conaiderable  digreo  of  perfection.  Tho  paper  now  in  uao  waa 
intiodttced  about  tho  year  1100 ;  it  waa  probably  imported  from  the  con* 

•  De  Mota  Oispatalio,  BMikie,  1531. 
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ibnlit,  liiiM  fhe  limn  ttanufiM^^ 

yttm  kttr;  but  ambiotdfliy  wm  nutch  ptutiMd;  aMioBgh  la  "Hie  lfllh 
floliiiy  silks  were  principally  woven  in  Sidlj.  Thar  mmffflctaiy  of  dotti 
was  eoiHiderably  improved,  in  the  14th  century,  by  the  MteAUment  of 

Kempe  and  other  Flemish  weavers  in  England :  and  many  of  tht  arts 
were  benefited,  about  the  same  time,  by  tlie  invention  of  the  method  of 
drawing  wire,  which  wa»  first  introduced  at  IS  u  rem  berg.  In  the  succeed- 
ing  century,  the  increasing  number  of  luiiuKs  emphiyed  in  various  manu- 
facturea,  suggested  to  some  mind  of  superior  penetration  the  great  principle 
of  the  divUon  of  kboar,  by  which  each  indivUnal  It  oaoUed  to  Mqinre 
to  liigli  a  4^gitt  of  perftedoii  in  »  voy  ilmittd  hiaadi  of  tteh  uana&o- 
tni%\thfttthc  whole  woric  is  peifinrmed  mtidi  more  porfoctly,  as  «dl  at 
mon  oi^editioniljy  thtn  if  it  had  been  begun'  tad  oonpleted  by  taj.tot 
pcnan^  even  of  greater  abilities  and  experieiioe.  The  invention  of  tho 
modem  spinning  wheel  is  attributed  to  Jurgen  of  Bninawick,  and  the  year 
15.%  h  assigned  as  its  date  :  Kni'li^nd  ?«oon  profite'l  by  the  improvement; 
many  manufacturers  took  refuge  in  this  country  from  tht  Duke  of  Alva's 
persecutions  in  Fhinders,  and  before  the  end  of  the  century  a  new  modih- 
cation  of  the  art  of  weaving  was  introduced  by  Lee  of  Cambridge,  who 
Invtnled  the  ttoiAang  loom,  imitating  the  textoio  of  the  knit  ttoeUng^ 
wbieh  tron  fint  mtnalholand  in  Sptin  abooft  tin  jear  IfiM.  Ifillt  for 
dtawiQg  win  and  for  eUtting  iion  wort  tlto  first  neeted  in  tht  thptssnth 
century ;  Birmingham  and  Shoffield  were  tVHl  at  that  time,  according  to 
Camden,  celebrated  for  their  manufactures;  and  the  machinery  which 
iuis  been  since  introdticed  at  different  periods  in  thoSe  places,  affords  a 
facility  and  expedition  which  astonish  every  unexperienced  spectator.  The 
names  of  Watt  and  of  Boulton  have  acquired  a  just  celel)rity  from  their 
refined  imjii  ovements ;  but  many  other  mechanics  of  inferior  l  iiiik  have 
exhibited  a  degree  of  ingenuity  which  wuuid  iiuvc  done  honour  tu  the 
awet  distlngnished  talents.  Hie  maanfiwlans  of  Manehssttr  ave  also  of 
oeilsidsiable  antiquity ;  bnt  they  tie  Tery  greatly  indebted  totiia  inrtn* 
tiont  of  Arkwright  tnd  his  foUowers,  wluck  have  abobten  inHndneed  in 
many  other  parts  of  the  united  kihgdom.  The  impoiianee  of  these 
improvements  may  be  estimated  from  the  quantity  of  ootton  which  is 
annually  imported  into  Great  Britain  ;  in  17H7,  it  amounted  to  2.*?  million 
pounds,  and  g-ave  employment  to  420  thousand  nifinnfacturers;  in  1791, 
it  was  increased  to  32  millions:  about  one  lialf  is  consumed  in  white  goods, 
one  fourth  in  fustians,  and  the  remainder  in  hosiery,  mixtures,  and  candle 
wicks.  But  tile  woollen  manufactory  affords  a  subeietence  to  above  a 
million  penons»  who  leceire  annually  for  their  woticabont  nine  ndlliont 
tleiliqgt  and  onpioy  at  mnch  wool  as  is  worth  abont  three.* 

In  tidiitectiue^  the  Angionefnian  ofyle  prevailed  in  this  country  from 
the  conquest  to  the  beginning  of  the  tiiirteenth  century  ;  the  arch  was  fre- 
quently employed,  and  its  form  was  semicircular.  The  Gothic  architecture^ 
distingaiished  liy  its  pointed  arches,  which  is  said  to  have  orij^nated  from 
Uie  Saracens,  was  first  introduced  into  England  about  the  year  1170,  and 

*  See  Baines's  History  of  the  Cottoa  MsDtt&otHie,  1835 1  or  art  Getten  Msnn- 

tacture,  Encyc.  Brit. 
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WM  mon  and  more  generally  adopted  for  aboat  three  c  nturlea.  Of  the 
architects  of  iliia  school,  two  of  the  most  celebrated  were  William  of  Sene, 

and  Walter  of  Coventry  :  the  most  elegant  specimen  of  its  performances 
ie,  perhaps.  King's  College  Chapel  at  Cambridge,  w  hich  was  founded  by 
Henry  tlie  Sixth,  and  begun  in  tlie  year  1441.  The  Catiiedral  of  Lincoln 
appears  to  have  been  one  of  the  earliest  Gothic  edifices  :  Westminster  Abbey 
was  finished  about  1285,  the  Minster  of  York  was  begun  a  few  years  after- 
ward ;  and  it  ie  difficult  to  d«t«cmine  which  of  theae  three  huildinga  moat 
deeerrea  the  attention  of  the  antiquary  and  the  architect,  or  whether  the 
Gathedral  at  Canterbuiy  may  not  he  eqnal  to  either  of  them. 

In  the  midst  of  an  age  of  darkness,  an  insulated  individoal  afreeta  onr 
attention  by  merits  of  no  ordinary  kind.  Roger  Baoon  was  bom  at 
Ilchester,  in  the  year  1214  ;  it  is  well  known  that  his  cxporiment?  had  led 
him  to  a  discovery  of  the  prnprrtir'^  nf  gunpowder,  althougli  lie  humanrly 
concealed  the  nature  of  its  composition  from  the  public,  and  tl.  st  rlbed  it 
only  in  an  euigum  :  the  extent  of  his  optical  knowledge  has  been  variondy 
estimated,  bat  it  was  unquestionably  much  greater  than  thai  of  the  ancient 
jihilow^heia.  He  appean^  however,  to  have  had  aome  oompaniona  In  hie 
mechanical  puiauite;  he  dedaiea  that  he  had  eeen  chariota  whieh  ooold 
move  with  incredible  rapidity,  without  the  help  of  animala ;  he  deeeribee  a 
diving  bell ;  and  he  aays  that  he  had  bem  informed,  on  good  authority,  that 
^  macMn^  had  been  made,  by  the  assistance  of  which  men  might  fly  through 
the  air.  Cimahne,  who  first  hcfjan  to  revive  the  long  neglected  art  of 
]>;iinT,ing,  was  contemporary  with  Bacon.  The  use  of  oil  in  painting  is 
commonly  supposed  to  have  been  introduced  by  Van  Eyck,  hwi  there  are 
traces,  in  tlie  records  of  this  country,  of  its  employment  as  early  as  the 
year  123&,* 

The  clepsydrae  or  water  timeheepera  of  the  aneienta  appear  to  hare  been 
gradually  tranafonnedy  in  the  middle  agee,  into  the  docfca  of  the  Saraoeaa 
and  of  the  Arabiana :  and  theae  were  introduced  into  Europe  in  the 

thirteenth  century.  About  the  year  1290,  turret  clocks  were  erected  at 
Westminster  and  at  Canterbury.  The  first  clocks  of  which  we  know  the 
construction,  is  that  which  was  made  by  Wallingford  in  l.'Vjr^,  nnd  which 
was  regulated  by  a  fly  :  and  the  «;erond  that  of  Defondetir,  or  Fusorius, 
with  a  simple  balance,  made  about  I  J<  i.  But  it  appears  that  some  portable 
watches  had  been  constructed  in  the  lieguuiiiig  of  the  fourteenth  century; 
and  about  the  year  1460,  several  dock  makers  are  said  to  have  come  to 
England  from  Flandera. 

^Hie  art  of  engraTing  on  metal,  and  of  printing  with  the  rolling  preee,  ia 
anppoeed  to  hare  been  invented  in  the  year  Some  attribute  the  art 

of  printing  with  types,  to  Laurentiua  Goeter  cf  Haerlem.t  \n  !io,  as  they 
say,  in  14*30,  employed  for  the  purpose  separate  blocks  of  wood,  tied 
togetlier  with  thread.  CicnMfleisch,  one  of  his  workmen,  went  to  Mont7, 
and  was  there  assisted  hy  Gutenherg,  who  invented  typos  of  metal.  But 
the  best  authors  appear  to  disbelieve  this  story  j  and  Gutenbeig^in  partner- 

*  See  Lcct.  XI. 

t  Ellis,  Ph.  Tr.  xxiii.  1416.  See  also  Fh.  Tr.  xxiii.  1507,  Boxhoin,  dc  Or^ne 
Artie  T^pegrapfaicK. 
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lUp  with  Fust  And  Sdttefc,  is  the  fint  thai  u  wlTWMUy  aUow«d  to 
hm  pEMtiied  the  axt*  It  ww  introdnood  Into  this  etauAry  by  William 
Caxton. 

Leonardo  da  Vinci,  the  moat  accomplished  man  of  his  age,  was  born 
about  the  year  l-WO,  and  excelled  not  only  in  painting?  and  poetry,  but 
also  in  architecture,  mathematics,  and  nuchanics.  The  sUite  of  jirnctiral 
mechanics  in  thiti  and  the  subtiequent  centuries  may  l>e  estiiu;it-«i  fi  in 
Ramelli*s  collection  of  machines,  which  cuntains  several  curiuuH  and 
wScH  inrentioni ;  soma  of  them  long  since  forgotten,  and  even  lately 
proposed  again  as  ii«w. 

The  works  of  Baoon,  Lord  Vernlam,  although  not  imnedialdy  tendings 
io  the  advanoement  of  mathematics  or  of  roeehanies^  am  nnifaraally  aUowed 
to  have  conduced  very  materially  to  the  improvement  of  every  branch  of 
science,  by  the  introduction  of  a  correct  and  conclusive  method  of  philo- 
sophical arLnunent  and  inquiry.  Guido  Ubaldi  yuiMished,  in  1."j77,  a 
treatise  on  meciumicH,  not  wholly  exempt  from  inaccuracies,  and  in  the 
following  year  a  valuable  coiiiuitntary  on  the  works  of  Arcbimedcij  :  some 
of  the  properties  of  projectiles  were  about  Uie  same  time  rather  imagined 
than  demonstrated  by  Tartelea :  Benedetti  soon  after  began  to  reason 
correctly  nspecting  the  piineiples  of  meehaidos ;  hot  it  was  reserved  for 
Galileo  to  lay  the  foundatiooa  of  the  disooveriei^  which  have  sncoeeded 
each  other  with  increaiing  sapidity  for  more  than  two  centuries.  He 
investigated,  in  ths  year  1589,  the  laws  of  accelerating  forces,  and  showed 
the  nature  of  the  curve  which  is  described  by  a  projectile  ;  he  inferred  from 
o>>«prvation  the  isochroni.^m  of  t!ie  vibrations  of  a  pendulum,  and  the 
principle  was  soon  after  applied  by  Sanctorius  to  the  regulation  of  time- 
keepers. St^vinus,  a  Dutrhnian,  was  the  first  that  dearly  stated  the 
important  law  by  whicii  tlie  e4uiiiljnuni  of  any  three  forces  ii*  delerniined  ; 
and  the  properties  of  the  centre  of  gravity  were  snoeessively  investigated  fay 
Lncas  Va]«rins»  Lalisilleb  and  GuMmns,  who  mads  some  additions  to 
tfaft  elegant  propositions  of  Aichimsdes  which  relate  to  it.t 

The  application  of  the  more  hutricate  parte  of  the  mathematics,  to  prao- 
tioai  purposes  of  all  kinds,  has  become  incomparably  easier  and  more 
convenient  since  the  invention  of  logarithms.  This  importimt  improvement 
was  made  by  Baron  Napier  ;  hU  tablpoi  were  piiMKlit  i1  in  ]f^\4:X  and  they 
were  reduced  to  a  still  more  uncful  form  by  the  lubiaM--  of  Brigg8§  and 
of  Gunter-H    D^artes,  about  the  same  time,  was  niiik.iiii<  considerable 

*  Fischer  sur  les  Momnaeiu  Typographiques  de  Gutenberg,  4to,  Menti,  1802. 

f  The  aatiion  1ieraiiieiitfo«ed«ccup7  a  proninent  poeitkm  la  tiie  History  of  Me- 
cKimit  s.  We  therefore  add  a  list  of  their  principal  works.  Lord  Bacon's  Work-?, 
a  new  edition  bj  fiaiil  Montu^,  14  vols.  1825-31.  Ooido  Ubaldi  Mechanicorum 
liber,  ftd.  Ttaaro.  Tlutska  Nvova  Seiensa,  4to,  Venkie,  19S7.  Qneiili  et  Invenlf 
Diversi,  1544.  Benedeltus  Diversarum  SpecaUtionnm  liber,  fol.  Tsurini,  i:>85, 
Qalileo  Opera,  4  vols.  Psdova,  1744.  See  Lect*  IV.  Stevinos,  Begbiiuelen  der 
Wasgconst.  1586.  <Eavres  Malh^BBtiques,  2  vote.  fol.  Leyde.  1634.  LueasTa- 
lerius,  DcCentro  Gravitate  Solidorum,  Ito,  Romae,  1604.  Lafaille,  Theoremata  de 
Cmtro  Gravitatis,  4to,  Antwerp,  1632.  Goldinus  de  Ceotro  Gravitatis,  fol* 
TieniMi,  1635. 

X  Mirifici  Logarithmorum  Csnonis  Descriptio,  4t0>,  Edish.  1514> 

5  Aritbmetica  Logorithnnica,  fol.  Lond.  1624. 

ii  Work*,  4  to,  1680.  The  Ublet  of  kgarithnu  in  common  asS  sie,  Taykir's, 
OsBsf  s,  nation's,  sad  Bebbsfle's. 
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additioiia  to  <li«  acicnee  of  a]gebn,  and  iha  wfinmattei  weie  loon  ate 

enriched  by  Cayalleii'fl  inTcation  of  the  method  of  indivisiblM.  Thit 
method  was  founded  on  the  principles  introduced  by  Archimedes,  it  was 
further  improved  hy  Wallie^  and  it  ied  to  Iha  atili  mof»  Ttluable  uiveiitlo& 
of  the  fluxioiuil  analysis. 

The  laws  of  colli.sion  were  iiu  estimated  nearly  at  the  same  time  in  England 
by  Wren  and  Wallis,  mid  in  France  by  Huygen».  After  the  discoveries 
of  Aldiimadea  and  of  Galileo,  those  of  Huygen^  hold  the  third  place,  in  the 
Qidor  of  time,  among  the  greatert  benefit*  thai  have  been  conferred  on 
Bcience.  His  thaoiy  of  eycloidal  poidnluma  and  hia  doctrine  of  otntval 
fttoaa  wave  tlie  fmmdntiona  of  Nawton'a  impmementa. 

Hooka  waa  aa  great  in  medianical  practice  and  in  ingenious  contrivance, 
as  Huygens  waa  in  more  philosophical  Uieory  ;  he  was  the  first  that  applied 
the  balance  sprincr  to  watches,  and  he  improrei!  the  mode  of  eni|)loying 
pendulums  in  clocks  ;  the  quadrant,  the  telescope,  and  the  microscope, 
wore  materially  indebted  to  him  ;  he  had  the  earliest  suspicions  of  the  true 
nature  of  the  cause  that  retains  the  planets  iu  their  orbiu  ;  and  tlie  multi- 
tode  of  hie  inventiona  ia  far  too  great  to  be  enumerated  in  a  brief  history  of 
tiia  pngveaaof  acianoa* 

Tba  eampoaition  of  motion,  and  aivaral  otiier  maeliaidcal  and  optical 
anbjects,  are  elegantly  tmted  in  tlia  kdnrea  pnblidied  by  the  leanied 
Doctor  Barrow.*  He  was  profeaaor  of  in  itlMuatioa  nt  Cambridge,  and 
voluntarily  resigned  his  chair  to  make  way  for  his  successor,  the  pride  of 
his  countrj',  and  the  ornament  of  mankind.  Sir  Isaac  Newton  +  was  horn 
nt  Woolsthorpe  in  Lincolnshire,  on  Christmas  day  in  1042,  the  year  of 
( ialileo's  death.  At  the  at'e  of  12  he  was  sent  to  schutd  at  Grantham,  and 
at  18  to  Cambridge.  Ue  luude  some  important  improvumentii  iu  algebraical 
analyaia,  and  laid  the  foundation  of  Ua  admiraUa  method  of  flnadon^ 
before  ha  waa  24  yaaia  old ;  but  hie  modesty  prevented  him  from  imme- 
diately pnbliahing  any  work  on  theea  aubjecta.  Hia  first  (^eal  experi- 
ments were  also  made  in  the  year  1666^  and  they  were  commnnlcated  to  the 
T?nyal  Society,  then  in  ite  infancy,  on  his  admission  as  a  memlier  in  1072. 
'I'he  theory  of  gravitation,  and  the  mechanics  of  the  universe,  are  developed 
in  his  Mathematical  Principles  of  Natural  Philosophy,  first  published  in 
1087.  The  f(dlowing  year  he  was  chosen  representative  of  the  univtT»ity 
of  Cambridge  in  parliament,  and  in  10i>0  lie  was  placed,  upon  the  recom- 
mendation of  the  Earl  of  Halifax,  iu  a  lucrative  ^tuation  in  the  Mint. 
From  1703  until  hia  death  in  1727,  he  continued  pxcddent  of  the  Royal 
Soeiety,  and  enjoyed,  to  the  a^  of  80^  an  unintenrupted  state  of  good 
health.  He  waa  knighted  by  Queen  Anne^  In  170fi»and  died  poas^sedof  a 
oeaaideraUe  fortune.  "  He  had  tlie  singular  happineai^**  says  Mr.  Fonte- 
n^e,  "of  olltuning,  during  his  life,  all  the  credit  and  consideration  to  which 
his  sublime  researches  and  his  fortunate  discoveries  entitled  him.  All  men 
of  science,  in  a  country  wiuch  produces  so  many,  placed  Newton,  by  n  kind 
of  acx-lamation,  at  their  head  ;  they  acknowledged  him  for  their  chief  and 

♦  LectiOnes  Mathematicip  xxiii.  Lond.  1685. 

t  See  Brewster's  Life  of  I<jewtoii.  A  new  edition,  containing  manj  itnooctant 
Mi  .hillierto  «nkiio«ni»  ia  maimuij  expected.  Cooeolt  also  iSmor't  Coifcctioiie 
Ibr  the  History  of  OffttthMD,  4to,  Loud.  180€b 
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tiitfar  naater ;  no  oppoiMiit»  nor  tvoi  4  cool  adminr,  dated  to  appeir.  Hit 
IihQoeophy  was  adopted  tfunngMtt  Knglaiid,  and  it  ia  aitpported  in  tlM 
Royal  Sedatjy  and  in  all  the  cacoillent  prodnetiona  of  Hie  niembeis  of  thai 
Sodety,  with  aa  mocli  eonfidenoe^  aa  if  it  had  been  eonaeerated  by  the 
mqpect  of  a  long  course  of  ages."  A  remarinble  instance  of  the  extent  and 
refinement  of  Newton's  matbematical  acquirements  may  be  fmrnH  in  h  pnpfr 
of  a  celebrated  modern  lUHtiicmatician,  on  the  subject  of  atmospluriral 
refraction  ;  Mr.  Kramp*  observes,  with  a  mixture  of  surprise  and  donKt, 
that  Ivewiun  appears  to  have  l>een  HC(|uaiiited  with  those  methods  of  aige- 
hraical  calculation  i^iich  he  had  Mmself  pursued ;  at  the  same  time  he 
says  that  this  ia  ahnoat  incredible^  ainee  "  he  mnat  have  diaflovered  eertaln 
tmprorenientB  in  tile  iiigher  analyiis  whieh  wete  nnltnotm  ev^n-  to  Enler, 
and  to  every  other  mathemntieaan  before  LapJaee." 

Although  Newton  was  unquestionably  the  first  inventor  of  the  m&thod  of 
fluxions,  yet  Leibnitz,  whether  he  had  received  any  hints  of  Newton's 
idea.%  as  there  is  some  reason  to  suspcrt,  or  whether  his  inveshY'fitionH  were 
wholly  independent  of  those  of  Newton,  was  tiie  first  that  pui»lishe<i  any 
work  on  the  Bubject  ;  and  he  extended  its  ap{)licaUoii  to  many  important 
problems,  earlier,  perlia|>ti,  than  any  English  niatheiuatician.  James  and 
John  BexnooUi  aleo  pnniied  the  aame  afcndies  with  eonmdcrable  euecen^ 
and  the  geaenl  lawa  of  mechan&ea  weie  Tery  elegantly  investigated,  and 
anooeaafiiily  applied  by  theae  three  oontemponty  pliikaoidiefe  on  tiie  een- 
tinent,  while  Maebin,  Cotes,  Halley,  and  DemoiTre,  were  applying  them- 
selves to  similar  pursuits  in  this  country.  Perrault,  Latnxe,  Amoiitoni^ 
and  Parent,  members  of  the  Parisian  academy  of  sciences,  were  the  authors 
of  many  useful  investigation.s  relatin;^  to  practirnl  mechanics ;  but  few  of 
them  were  pi  ado  public  till  after  the  year  1700  ;  some  of  their  inventions 
made  tlieir  Hjjpearauce  much  later,  in  the  valuable  collection  of  machines 
approved  by  the  academy,  and  some  of  them  have  been  inserted  in  the 
naefol  work  published  by  Leupold,  at  Leipzig,  under  the  title  of  a  Theatmm 
Maehinamm.  Thfonghout  flie  last  centory,  the  transatetiofts  of  vamma 
aoeietiea,  eatablialied  tm  the  pramoiion  cS  aeienei^  became  ereiy  year  mon 
numerona^  and  the  pabUeation  of  the  literary  jonmala  of  Leipzig  and  of 
Paris  formed  a  mode  of  communication  which  waa  estienely  serviceable 
in  fek^ilitating  the  dissemination  of  all  new  discoveriefi. 

Tlie  philosophy  of  Newton  assumed  also  a  more  popular  and  atti  active 
form  iu  the  writings  of  (  1  u  kf,f  Pembcrton,J  Maclaurin,§  and  Mnsbchen- 
broek,  II  and  the  lectures  of  S'Grave&ande  and  iiesaguliers ;  at  the  same 
time  that  ita  more  lafined  inveBtigations  were  pursued  with  eaooeaa  in  thia 
ooontiy  by  Maelaniin  and  Simpson,  and  on  the  continent  by  Heimann^ 
]>aniel  Bwnonlii,  Leooatd  Bnlery  and  Clairant*  Madanrin,  BemouUi^ 
and  Ruler,  had  the  honoor  of  •huring  ynih  each  oQier  tiie  prize,  proposed 
by  the  academy  of  sciences  at  Paria^  for  the  beat  essay  on  the  intricate 
aolgeet  of  the  tides;  bnt  a  prenutee  death  prevented  Madauiin  from 

*  Hindenburgs  Archiv.  ii.  380,  499. 

t  DanKmrtration  of  some  SectioDs  of  Newtoa's  Prin.  1730. 

t  View  of  Sir  I.  Newton's  Ph.  4to,  1728. 

§  Account  of  Sir  I.  Newton's  Philosophical  Discoferiss,  4to,  Lood.  1748« 

I  Introductioad  FhU.  Nat.  2  vols.  Lejd.  1762. 
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long^  pwrratag  the  earaer  which  he  began  to  mtconsfiiUjr*  Btnumlli  and 
EoUr  oonliniMd  for  many  yean  to  vie  with  each  otfwr  lor  the  elagaaee 

ftnr?  t  xtent  of  their  researches :  Euler  appears  to  have  been  the  moia  pro- 
foand  mathematician,  and  Bernoulli  the  nune  aeeniMo  pliOoeopher. 

Tlie  latU'r  half  of  the  eiirbtmith  century' was  in  many  rei?pects  extremely 
au.spicio^is  tu  the  progres-s  of  the  sciences^;  the  nauu  sof  ! )aleiiihert,  Landen, 
Waring,  !<  ri?*!,*  Ilobison,  Lai^rantje,  and  Laplace,  deserve  to  \>e  enumerated 
in  the  firvt  cUum  of  uiaUieutaticians  aud  theoretical  uieclianics ;  those  of 
Bmeaton,  Wedgwood,  and  Watt  are  no  laee  distingniahed  for  their  succeas 
in  improring  the  practice  of  the  naefol  arts  and  manteMtuiea.  The  union 
of  all  thcae  object^  into  one  tytlUm  of  knowledge^  waa  elMed,  on  a  mag 
nlficent  icale,  in  tbe  Sbeydop^die^  a  work  wUdi  does  as  much  booonr  la 
the  laboor  and  genine  of  some  of  ite  authors,  as  it  r^ecta  diflgxaee  on  tha 
principles  and  politics  of  others.  The  Society  for  the  encouraffcment  of 
arts,  iiiriiniffictnrps,  and  commerce,  was  established  in  London  about  the 
same  lime  that  the  Eucyclopedie  began  to  ap]>ear  at  Paris,  and  it«  pre- 
miums and  publications  have,  without  doubt,  excited  a  decree  uf  attention  to 
the  subjects  of  practical  mechanics,  and  ^^cultural,  as  well  as  commercial 
Improvementik  which  mnat  have  beat  benelleial  bo&  to  IndiTidnals  and  to 
the  pnblie*  The  academy  of  Pane  bagan  to  prints  in  17^  a  coUeolioin  of 
the  deeeripiiona  of  arte  and  taadea  of  aU  Idnday  on  a  still  mora  ezfanded 
acak  than  had  been  attempted  in  the  Encydopddle ;  the  work  was  carried 
to  a  very  considerable  length,  but  it  by  no  means  comprehends  all  the 
articles  which  wert^  intended  to  compose  it. 

The  con  "tract  ion  of  watehp*^  has  been  so  mnch  improved  by  the  artists 
both  of  this  country  and  of  France,  that  they  liave  been  rendered  capable 
of  affording  very  essential  service  tu  navigation,  especially  Mutx  the  astro- 
nonucal  methods  of  detmnining  a  diip's  plaea  have  Iteen  brought  to  andi 
a  degree  of  perfection,  aa  greatly  to  fadlitata  tha  6aqnant  eotvedaan  of 
the  accidental  errors  of  the  timekeeper.  The  first  artist  that  oonstraeted 
watches,  sufficiently  accurate  for  the  determination  of  the  longitude,  was 
William  Harrison,  who  was  indebted  to  himself  alone  for  his  education 
and  hU  invpntlons  ;  in  17n.'5  he  received  fur  bis  labours,  from  the  Board  of 
LonLTitutle,  the  promised  reward  of  ten  thousand  pounds. 

Tliere  has  f*carcely  been  a  jH  i  i  xK  in  any  aye  of  the  world,  in  whuli  the 
sciences  and  literature  in  general,  Imvc  becu  bo  rapidly  promoted  and  no 

onifarBany  disseminated,  aa  within  tha  last  forty  years.  TUa  adtanea- 
mant  lias  partly  been  tha  eanse,  and  partly  tha  elbet,  of  the  great  mnM- 
plication  of  aeientiejonraah,  cydopaadiaa,  and  encyclopaedia^  wliidi  have 

been  annoaUy  increasing  since  the  beginning  of  the  Journal  de  Phynqva  in 
1773 ;  supported  fajtha  interest  wliioh  they  liaTe  derived,  in  great  measnifi 

from  the  new  and  amusing  discoveries  and  improvements  which  have  been 

made  in  chemi'^trv  and  natnrnl  hi'^tory  :  some  of  the  mo«t  copious  of  theso 
workfi  have  a  sale  unprecedented  even  for  bookii  ot  more  moderate 
extent. 

The  charter  of  the  Royal  Institution  b  dated  in  1799 ;  ito  finndatiMt 
will  not  perhaps  make  an  era  in  the  history  of  the  refinements  of  seioioa  ; 

♦  pauii  ifiaii  Opera,  J  vols.  Ho,  Mcdioiam,  17B2-ii. 
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Imt  if  it  be  l)«reaftor  fooad  to  hm  giv«o  iwUwfaty  to  what  is  oMfaly  and 
popularity  to  wliat  is  el^gut^  the  purposes  of  those  who  established  it  will 
not  have  been  fnistottedp 

After  all  that  haa  been  efieoted  bj  the  united  Isboms  and  talents  ol  the 

philosoj)lic'rH  who  have  been  mentioned,  and  of  many  more,  who,  though 
less  fortunate,  have  yet  been  higlily  meritorious,  there  is  still  ain])le  oppor- 
tonitr  for  tlie  employment  of  genius  and  industry  in  following  their  steps. 
To  suppof^e  that  little  or  nothing  remains  to  be  dune,  betrays  a  want  either 
of  knowledge,  or  of  courage.  The  experimental  researches  of  some  of  the 
greatest  phUosophenf  have  been  very  imperfectly  conducted,  and  the  most 
interesting  results  may  be  expected  from  r^eating  and  diTersifying  them* 
Whatever  advances  our  neighbouxs  may  liave  made  beyond  us,  in  intricate 
calculations  and  combinations,  we  are  still  able  to  vie  with  tbem»  and  shall 
probably  long  remain  so,  in  the  accuracy  of  our  instmmentfl^  and  in  the 
art  of  using  them  with  precaution  and  witli  success. 

Wlinu  hf>w('ver,  we  contemplate  the  astonishing  magintnde  to  which  a 
collection  of  hooks  in  any  department  of  science  may  vwo  at  present  be 
extended,  and  the  laiscullaueous  nature  of  the  works  in  wincit  many  of  the 
most  valuable  disquisitions  have  been  communicated  to  the  public,  together 
witii  the  natural  dlefwrition  to  indolence^  which  a  high  degree  of  dvilisar 
tion  too  frequently  encoursges,  there  is  the  greatest  reason  to  apprehend, 
that  from  the  continual  multiplication  of  new  essays^  which  are  merely 
THetitions  of  others  that  have  been  f(;rgotten,  the  sciences  will  shortly  be 
oven^'helmed  by  thor  own  unwieldy  bulk,  that  the  pile  wiU  begin  to  tottor 
under  its  own  weight,  and  that  all  the  additional  matter  that  we  heap  on 
it,  will  only  tend  to  add  to  the  extent  of  the  basis,  witlKnt  increasing  the 
elevation  and  dignity  uf  the  fabric.  Having  been  impressed,  from  con- 
tinued experience,  with  the  truth  of  tliis  observation,  I  have  employed  no 
small  portion  of  time  and  labour,  in  order  to  obtain  an  ^ectual  remedy 
for  the  evil ;  and  I  trust  that^  in  future,  every  one  who  is  desirous  of  en- 
larging the  sphere  of  our  knowledge,  with  respect  to  any  branch  of  science 
connected  with  the  subject  of  these  Lectursfl^  will  find  it  easy,  by  consult' 
ing  the  authors  who  will  be  quoted  in  my  catalogue  of  references,  to  collect 
that  previous  knowledge  of  all  that  has  been  already  done  with  the  same 
view,  whieli,  in  justice  to  himself,  he  ought  to  acquire  before  he  enters  on 
the  pursuit,  or  at  any  rate,  in  justice  to  the  public,  before  lie  calls  on  the 
world  at  large  to  participate  in  his  improvements  and  discoveries. 


Lect.  XX.— additional  authorities. 

Hi$tory  of  Mfphnriirg. — p.  Vergilius.  De  Inrentoribus  reratn,  Basle,  1521. 
Sprat's  History  ol  Uk  Hoyal  Society.  Ito,  Uind.  1667.  Histoiri-  dis  Ouvrages  det 
Savans.  Journal  dcs  Savuiis,  Sep.  10H8.  H  ims  Lexicon  Technicum,  3  vols.  foL 
1  704,  i(cc.  PanciroUus,  History  of  MomoraUe  Things,  3  vols.  I'imo,  1713.  Reg- 
uault,  Origine  Ancienne  de  la  Physique  Nouvelle,  3  vols.  Amst.  1735.  Goguct, 
Origioe  dee  Loii,  des  Arts,  et  des  Sciences,  3  vols.  4to,  1755.  Mattaire,  Mar- 
cIihtk!,  Powypr,  Atnes,  Lemoine,  and  Lucombe,  on  tbo  History  of  Printing.  Birch's 
History  ut  the  itoyal  Society,  4  vols.  4to,  1756.  Hoilin's  History  of  the  Arts  and 
Sdenees  of  tiis  Aneints,  3  vols.  176B.  FMlejr's  Ghsrt  of  Bkignplir.  Dkll«ik« 
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naire  des  Origtnes  des  Inventions  UtUn,  €  Tola.  12mo.  Par.  1777.   Bngmmm  on 

the  Mechanics  of  th«  Ancients,  Comm.  Gott.  1784,  vii.  M.  75.  Mongez  on  Ancient 
Coinmg.  Roz.  Journal  de  Physique,  xl.  426.  Dutens  on  the  Origin  of  Discoveries, 
4to.  Delambre,  Rapport  Htstorique  sur  les  Progres  des  Sciences  BfadieiiMtiqiMi 
depois  1789.  Bcckmann's  Hist:,  of  InvPTition?;  (translated  by  Jnhn'^tnne).  4  vols. 
1797.  Foppe,  Geschichte  der  Uhnnackerkumit,  ISOl.  Montucla  and  Laiande, 
Histoire  des  MDithematiqmi,  4  vols.  4to,  Paris,  1802.  Bossat's  Historf  of  Mathe- 
matics,  translated  by  Bonnycastle,  Lond.  1fl03.  Libes,  Hiptoirr  cIm  Progres  la 
Physiqoe,  4  vob.  1810.  Hntton's  Mathematical  and  Philosophical  Dictionary,  \ 
2  vols.  4to,  1815.  Powell's  History  of  the  Physical  and  MaOianatbal  Sckooes  I 
(Cab.  pyc),  1834.  Wlmvdl'a  History  of  tlw  bdiicthre  Sdmcci,  3  vols.  Loud.  f 
1837.  • 
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ON  HYDROSTATICS. 

Thk  nvechanical  properties  and  affections  of  fluids,  ;unl  the  Uns  and 
piienomena  of  tlieir  iiiotionH,  are  to  be  the  sul»j6^fl  of  tlie  second  di%  ision 
of  this  Course  of  Lectures.  Although  these  propertitM  are  iu  reality 
dffifnd  fnm  Am  eame  ftittdantotei  prindplea  m  the  doctrinw  of  pure 
nwthMifcws  they  yet  in  gmt  mmmxn  InoapaUe  of  bong  vefemd^  in  a 
danonilnlivvaiid  Miaiinii»  mMmu,  to  tlw  opeimtion  of  simple  and  general 
causes.  Wo  aie  theiefore  frequentlj  under  llie  necesnty  of  oalling  in  the 
aseirtance  of  nqNoimental  detenninaticfne;  and  for  tUa  nasoo,  as  well  aa 
others,  the  science  of  hydrodynatnics  may  with  propriety  hold  a  middle 
rank,  l>etween  matiiein;itit';ii  nieclKuiirH  and  descriptive  physics.  In  treat- 
ing of  the  mechanics  uf  bolid  bodiet*,  we  are  able  to  begin  witli  axiuniH  or 
self-evident  trutlis,  almost  ijiiieparahle  from  the  constitution  of  the  human 
aalnd ;  to  deduce  from  them  the  gwneral  laws  of  motion,  and  to  apply  these 
law%  wHh  Utile  ehanoe  of  error,  to  every  combination  of  cirenmstancee  In 
wUcb  wt  hava  ooeaebn  to  ezamiae  their  eonaeqneneea;  and  it  reqniiea 
only  a  certain  degree  of  attention  and  of  mathematical  knowledge,  to  te 
perfeetly  convinced  of  the  justice  of  all  oar  eondusions,  without  any 
reference  to  experimental  proof.  But  here  our  abstract  reasonings  bep^in  to- 
fail ;  and  whether  from  the  ?niy>erfeetion  of  onr  Tnodes  of  considering  the 
mechanical  actions  of  the  |iartirlrs  of  fluids  on  each  other,  or  from  the 
deficiencies  of  our  analyticai  calculationa,  or,  as  there  is  more  reason  to 
suppose,  from  a  combination  of  both  these  causes,  all  attempts  to  reduce 
the  alftetiona  of  flnida  to  a  pcffeet  meeiianloal  tiieoty  have  been  hitherto 
WMoeeemfU.  At  Hie  aanw  tlmett  will  appear,  that  by  a  proper  mixtnn 
of  caloalaiHott  wflfa  «zperinMDt>  we  may  obtain  sulfident  foondatlons  for 
all  such  determinations  as  are  likely  to  Tje  of  any  practical  utility. 

The  whole  of  tha  subjects,  which  will  be  claawd  under  the  denomination 
Hyd rod vTi amies,  may  be  divided  into  three  eTnoral  heads  ;  Hydraulics, 
Acostica,  and  Optics;  terms  which  are  suthcientJy  understood,  as  nlr^tinij^ 
to  the  cmnmon  properties  of  fluida,  to  nnnrtd,  and  to  light  ;  but  do 
not  allow  of  a  very  strict  definition,  wiihuut  a  still  further  divi^iua.  Tlie 
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firet  subdivision  which  we  shall  consider,  will  reUte  to  Uie  laws  of  the 
equiUbriYini  of  fluids  or  of  the  opposition  of  fomm  acting  on  them  without 
piodndog  actual  motion,  eompxehending  hydnMtatica»  or  the  doctrine  of 
the  equilibriiun  of  liqnidi^  eidier  within  themaelTcs  or  with  moveable  bodies ; 
and  pnettmatoetaticB,  or  the  equilibrium  of  elastic  fluids.  The  aetnal 
motions  of  fluids  wiU  be  considered  in  the  second  subdivision  :  and  the 
thinl  will  relate  to  the  instruments  and  machines  in  which  the  principles 
of  liydrusttttics,  hydraulics,  niul  ]>nomnati<  s,  are  applied  to  the  purposes  of 
the  artn  or  of  domestic  cou\ i iii' iii  'J'hc  science  of  hydraulics  must  be 
allowed  to  be  of  aa  great  iniportaiice  to  civil  life,  and  especially  to  a  mari- 
time nation,  as  any  department  of  practical  mechanics.  Let  us  only  retlect 
ftnr  a  moment  to  idiat  the  metropolie  of  England  would  be  redaced,  if 
deprived  of  |npe8  for  the  conTcyaaee  of  water^  of  piunpa,  and  of  file 
engines ;  and  how  mneh  the  eommctce  of  the  whole  kingdom  has  been 
fadlitated  Ity  the  formation  of  navigable  canals,  and  we  shall  soon  be  con- 
vinoed  of  the  obligations  that  we  owe  to  the  art  of  modifying  the  motion 
of  water,  and  to  the  principles  of  li ydraulics  on  which  that  art  depends. 

The  facts  cnnrfnif^d  in  acustics  and  harmonics,  or  the  doctrine  of  sound 
and  the  science  of  mubic,  are  not  exclusively  dependent  on  the  characteristic 
properties  of  tluids.  In  these  departmeuta,  although  we  can  by  no  means 
eaqJain  witii  precision  the  manner  in  which  every  appearance  is  produced, 
we  dudl  still  find  a  variety  of  very  beanlifcl  jdienomenay  irtdcli  have 
Indeed  been  too  genenllj  aei^eetedy  and  snppoNd  to  be  of  the  most 
abstruse  and  muateUigible  natoie ;  but  whicl^  whsn  eanfhUj  examined* 
vrill  appear  to  be  much  more  within  the  reach  of  nalffillatiimi  than  the 
mmi)le8t  doctrines  of  hydraulics.  We  may  also  apply  tome  of  these 
phenomena  to  a  very  complete  explanation  of  nn  extensive  ehiss  if  facts 
in  optics,  which,  in  whatever  other  way  they  nr.-  <  (msidi ml,  are  inextri- 
cably obscure.  Whether  this  cxplHuau m  m  iy  tir  mwy  not  ht-  admitted  as 
satisfactory,  it  deserves  at  least  a  fair  examination;  it  would,  tlierefore, 
be  impoanble  to  amign  to  the  scienoe  d  optiee  an  eariier  place  in  the  order 
of  the  fjitsmy  even  if  we  agree  with  thoae  who  Imagine  that  all  the  pheno- 
neoa  of  Ught  depend  on  enaas  wfaollgr  dedneible  liem  the  mechanics  ef 
aoUd  bodies. 

We  must  commanee  the  subject  of  hy  lr^ statics,  or  the  doctrine  of  the 
equilibriuni  of  liquids,  with  a  definition  of  the  essential  characteristics  of  a 
fluid  substance.  The  most  eligildo  definition  appears  to  be,  that  a  fluid  U 
a  collection  of  material  particles,  which  nip.y  be  considered  as  iniimtely 
small,  and  as  moving  freely  on  each  othtr  in  every  direction,  without 
friction.  Some  have  defined  a  fluid  as  a  substance  wliich  coumiunicates 
prsanue  equally  in  aU  dhreetions ;  but  this  appears  to  be  4desarl|itkm  ef  s 
property  ^nivbUe  £Rom  the  fomMr  assomption,  which  is  eertaiaty  mors 
sunple ;  and  althongh  it  may  be  aoniewlsat  diiicalt  to  dednee  'it  mathe- 
matically, in  a  manner  striclly  demonatiative,  yrt  we  may  obtain  from 
mathematical  con^deratbns  a  sufficient  conviction  of  its  tmth,  without 
assnming  it  as  a  fondamental  or  a'sinmatio  oharaoter.*  A  flnid  which  has 

*  See  Miller's  Hjrdroettfics*  Cuab.  1831.  GheUb's  Report  on  Hydnwlstici  sad 
Hydrodyasmios,  BrH.  AiMie.  1838,  p.  134. 
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no  immeUiate  tendency  to  expand  when  at  iil>erty,  is  commonly  conaideml 
as  a  liquid  :  tkun  water,  ml,  and  mercury,  are  lic^uids ;  air  and  steaui  are 
Md%  bvl  B0t  Bqnids. 

W«  flhall  Ibr  tlw  pmseftt  eonadCT  »  li^iiid  m  wHhout  «i%Me  oompreiii- 
bllity  or  expaoaibiliiy :  and  we  mxuA  nflg^eet  soma  other  jhymaX  propefttct 
eesential  to  liquids,  inch  as  eoheebn  and  eapillary  aftnetton ;  aKboa^  in 
tnJity  the  particles  of  liquids  are  found,  by  very  nice  experiments,  to  be 
subject  to  the  same  laws  of  elasticity  which  we  have  already  examined  with 
regard  to  soHdn,  and  are  possessed  also  of  cohesive  powers,  which  essentially 
distinsruisli  tliein  from  elastic  fluid**,  a?nl  which  resist  any  force  tending 
directly  to  separaUj  the  pailicles  irom  tiu  h  otijcr,  while  tliey  a<lmit  any 
lateral  motion  with  perfect  facility.  In  treating  of  hydrostatics,  therefore, 
we  suppose  ilie  Mds  eoncenied  to  be  el  nnifeirai  density  throughoat ;  aiki 
as  lar  ae  ebeUe  fluids  agvee  wtth  this  deseriptioik,  ttiey  an  tttbjeet  to  thtf 
same  laws  with  liquids ;  on  the  other  hand,  aH  ilvddi^  as  far  ae  Ihey  are 
eompressible,  possess  properties  simiUir  to  those  whl(A{  will  licresller  be  SK- 
amincd,  when  we  investigate  the  subject  of  pneumatic  equilibrium. 

The  first  law  of  hydrostatics  whidi  arrests  our  attention,  is  this,  that  the 
surface  of  every  homogeiipmm  crnvitnting  fluid  when  nt  ro>*t,  i><  horizontal. 
If  any  part  of  the  surface  were  melmed  to  the  horiKuii,  tiie  superfi«Mal  par- 
ticles would  necessarily  tend  towards  its  lowest  part,  in  the  same  aumner 
aa  If  they  moved  witiiout  friction  on  the  inclined  surface  of  a  solid.  And 
if  anjr  two  portions  of  the  snifiMe  of  the  fluid  are  separated,  aa  in  two' 
branches  ef  a  talie  or  plpe^  howerer  they  may  be  situated,  the  fluid  cannot 
remain  at  rest  unless  the  sufAees  be  in  the  same  level  plane :  for  if  we 
imagine  such  a  tnbe^  eontaining  water,  to  be  made  of  ice,  and  to  lie 
immersed  in  a  larcre  reservoir  of  water,  and  then  thawed,  the  water  will 
make  a  part  of  tlie  general  contents  of  the  reservoir,  and  consequently  will 
remain  at  rest,  if  its  surfaces  arc  h  vel  with  that  nf  \hv  rpscrv^ir :  and  it  is 
obvious  that  the  tube  has  acfjuired  no  new  power  ot  suppurting  it  from 
being  thawed ;  consequently,  the  water  would  have  remained  in  cquili- 
brium  St  the  earns  height  in  the  original  state  of  tlie  solid  tuhe.  The 
experimental  pioof  of  this  proposition  is  easy  and  obvious^  and  the  property 
aflords  one  of  the  meat  usual  modes  of  determining  a  horiaontal  suiibee. 
But  when  we  compare  the  heighte  of  fluids  occupying  tubes  of  diflerent 
magnitudes,  it  is  neoeeeory,  if  the  tnhes  are  small,  to  apply  a  slight  cor- 
rection on  account  of  the  actions  of  the  tubes  on  the  fluids  wliich  they  eon> 
tain,  which  are  more  aj)pan  nt  as  their  diainf^tf^r^  are  smaller.  The  same 
cause  produces  also  a  curviitur*^  in  each  separate  siirface,  which  is  always 
▼isihie  at  the  point  of  contact  with  the  tube  or  vessel.   (Plate  XIX,  Fig, 

If  sevenl  sspaiate  fluids  of  dilferent  Idnds  be  contained  in  the  same 
veesel,  they  wUI  never  remain  at  rest  unless  all  the  soifMss  intervening 
between  them  be  horizontal ;  and  this  is  in  fact  the  state  of  the  surface  of 
common  liquids,  wiiich  is  exposed  to  the  pressure  of  the  atmosphere. 

The  power  of  -r  c  itation,  strictly  speaking,  docs  not  act  precisely  In 
parallel  liu«H  so  that  the  surface  of  lakes,  instead  of  lacing  perfectly  plane, 
becofuee,  like  that  of  the  earth,  a  little  convex.   It  is  obvious  that  the  sur- 
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face  of  a  fluid  must  always  he  perpeuJicular  to  the  direction  of  the  jf^nt 
retoks  of  all  the  forces  which  act  on  it;  and  rinoe  th*  earth  tanurooBi 
on  its  axifly  the  oentriftigal  fovea  nnUtlng  from  ita  motM^ 
that  cf  gianiy,  in  deteimining  tha  poaition  of  tha  gmaral  auftee  of  the 

ocean.  , 

A  nmilar  combination  of  a  centrifugal  force  with  gravitation  may  be 
observe'l  whpn  a  hnclcet  i-^  «^iispended  by  a  rope,  and  cflu«»e'i  to  tnrn  round  ^ 
on  its  axis  by  twisting  tiie  rope  :  thp  <lirection  of  the  joint  tVin  e^  i**  mch 
that  the  surface,  in  order  to  be  perpeiuiicular  to  it,  must  assume  a  parnlxiiic 
form.  Wiien  oho  any  number  uf  diiiereut  fluids  are  made  to  revolve  in 
the  saina  nauMr,  or  whan  they  an  ineloaed  in  a  glass  ^ba  and  teniad  hj 
means  of  the  whiriing  iahle,  the  swfaces  which  aapaiate  them,  aoqniM 
always  the  fbnna  of  parabolic  conoids^  when  the  axis  remaina  in  a  vettical 
poidtian  ;  but  if  the  axis  be  in  any  other  poeition,  the  ntnation  of  the  sor> 
fsce  will  bo  of  more  difficult  determination.   (Plate  XIX.  S%.  240.) 

In  all  these  cases  the  equilibrium  stalde  ;  for  if  any  part  of  the  fluid 
be  raised  above  the  surface,  it  will  iinmedintt'ly  t^nd  to  return  to  its  Ifvel. 
But  if  a  heavier  lluid  were  contained  in  a  l>ent  tui)e  or  hiplioa,  witli  its 
1^  or  branches  opening  downwards,  and  immersed  in  a  lighter  fluid,  the 
afonibriom  would  be  tottoring,  sinoe^  if  it  w«e  once  disturbed,  it  would 
new  ba  icatond.  (Plato  XDL  Fig.  Ml.) 

Ftom  tiiase  piindplaa»  w»  may  inlar  tliat  iha  pfMSOM  of  a  ili^ 
partiala  of  tiio  voad  containing  it,  or  of  any  other  soi&ce^  Mol  or  im-  ^ 
aginary,  in  contact  with  it,  is  equal  to  the  weight  of  a  column  of  the  fluid 
of  which  the  Ixase  is  equal  to  that  particle,  and  the  height  to  its  depth  l>eIow 
the  surface  of  the  fluid.  Thus  if  we  have  a  vessnd  of  water  one  foot  deep, 
each  s(piare  foot  of  the  bottom  will  sustain  tin  jircssure  of  a  cubic  foot  of 
water,  or  nearly  1000  ounces  :  if  we  have  a  vessel  of  mercury  an  inch  in 
depth,  each  sq^uare  foot  will  sustain  a  pressure  of  one  tweltli  part  of  a  cubic 
foot  of  moreniy,  or  lldO  ounces ;  the  atmospiierB  pfoasea  on  oAdi  wqum 
loot  of  tile  earth's  enrfaee  with  a  foroe  of  about  34^000  ooneea^  wliieh  ie 
equivalent  to  the  pfemiue  of  a  ooliintn  of  morooiy  90  inohes  high.  The 
pressure  of  the  water  on  a  small  portion  of  the  loweet  port  of  the  aide  of  the 
vessel  containing  it,  is  also  equal  to  the  weight  supported  by  an  equal  por* 
i\im  of  the  bottom  ;  but  we  cannot  estimate  the  force  sustained  by  any 
hiv^v  jtortion  of  the  side,  without  considering  the  di£feient  depths  below  the 
surface  at  which  it,s  different  part.s  are  situated. 

It  is  obvious  tliat  if  we  conceive  a  iluni  to  be  divided  by  an  imaginary 
aurfiaee  of  any  kind,  the  partieka  oontigoous  to  it  are  niged  on  eitluBr  side 
by  eqnalforceB»  the  fltdd  below  reiiatugthemy  and  preiabig  them  npwaide  m 
with  aa  much  foree  as  the  Unid  above  preaaas  tlum  downwaida,  their  own 
wd^t  being  eomparatively  inconsiderably  for  without  this  eqnaUty  of 
pressures  they  could  not  possibly  remain  at  rest.  And  if  we  employ  a 
vessel  of  such  a  form  as  to  occupy  the  place  of  any  superior  portion  of  the 
fluid,  the  pressure  against  that  part  of  the  vessel  which  is  thus  substituted 
will  be  the  same  that  before  supported  tlie  weight  of  the  fluid  remove<l  ; 
and  in  order  that  all  may  remain  in  equilibrium,  the  vessel  must  itself 
exert  an  equal  preaaure  on  the  fluid  below  it ;  so  that  the  pressure  on  tlie 
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bdttom  will  Im  tih*  mie-as  if  the  vessel  had  remained  in  its  original  stat«, 
and  wen  fiUed  to  the  same  height  with  the  floid.  (Fkto  XIX.  Fig.  2^.) 

In  order  to  understand  this  the  more  readily,  wc  raay  suppose  the  portion 
of  the  flni'l,  instead  of  being  remored,  to  have  hwti  rf»i'/eal*»H  into  a  solid  mass 
of  equal  density;  it  is  obvious  that  this  conpfhition  of  the  fluid  would  not 
have  altered  the  quantity  of  its  pressure ;  it  would,  therefore,  have  re- 
mained in  equilibrium  with  the  water  below;  the  mass  might  also  be 
uHsd  with  thft  iidw  «f  tiia  Tetwl,  ■»  ■«  to  fum  a  part  of  it^  withont  in- 
rrwuinff  or  dindnUiiiiff  anv  of  the  viMtiiMi  eonoemed  s  and  we  thoold 
tlms  obUin  a  tmmI  aiidbr  to  thai  which  was  the  snbjMt  of  our  inTvitir 
gitioii,  the  pnnw  on  the  bottom  being  always  the  saint  m  if  Am  irrnifTf, 
■opposed  to  be  congealed,  had  remained  fluid.  Thus,  the  pressure  on  the 
ba*e  of  a  conical  or  pyraniidical  vessel,  full  of  water,  is  three  times  as 
great  as  the  weight  of  tlic  water,  '^ince  its  content  is  one  third  of  that  of  a 
column  of  the  same  height,  and  standing  on  the  same  base.  (Plate  XIX, 
Fig.  243.) 

ill  this  wuam  tht  nMiOail  fl^ftn  qnntity  of  aaj  $M  fwelalnwl  ia  • 
pipen^UiaadtiopradiiMApvtHDn  eqaivakBt  to  anyginn  wci^il^ 
howmr  Ittga^  whidi  imIs  ob  lk»  vms  ti  n  aIbm  vmmI  «iiifniinmi«»ting 
with  the  plpi^  and  this  may  be  done  either  by  dimlnitliiag  the  dinmelt  of 

the  pipe,  and  increasing  its  height,  while  the  weight  is  supported  by  a  stir- 
Imo  of  a  certain  extent,  or  by  Increasing  the  magpnitude  of  this  surface, 
without  adding  to  tlie  height  of  the  pipe  ;  for  in  either  case  the  ultimate 
force  of  the  fluid,  in  supporting  the  weight,  will  be  tqn.il  to  the  wei^^ht  of 
a  column  of  the  same  height,  standing  on  the  whole  surface  whicli  is  sub- 
jododtoitoadion.  And  if  tin  aftct  of  tbo  oohmm  bt  tnoioand  by  any 
adiWtiiwial  pnwiuo^  independent  of  ila  weigiit»  iiut  presmrc  maj  bo 
lopwBwitd  bj  a^poring  Hio  bdgbi  of  tiio  oolmnn  to  bo  amgmonted ;  and 
tho  oAot  of  the  additknal  pressure  wiU  alao  bo  iaemwd  In  proportion  to 
the  magnitude  of  fho  onifiMO  which  supporta  tbe  weight.  It  la  on  tiila 
principle  that  the  pressure  of  water  has  been  applied  by  Mr.  Bramah  to 
the  con«?tniction  of  a  very  cnnvonipnt  pref^s.*    (P!at<»  XIX.  Fig.  244.) 

Although  this  property  of  fluids  is  the  cause  of  *»oine  resultn  which  w  ould 
scarcely  be  expected  by  a  person  not  accustomed  to  reflect  on  the  subject, 
and  has,  therefore,  not  improperly,  been  called  the  hydrostatic  paradox, 
Tot  it  dependa  wlbUtf  ^  geneial  and  aeknowlodged  principlea  of 
aMohantealfinaa;  norcaa  wo  agree  with  tluMO  anthon,  who  hare  asserted 
that  a  rvf  amall  quavUfy  of  «  inid  may,  wHliont  acting  atanj  mechani- 
oal  adrantage"  whatevor,  bo  nido  t  >  balance  a  wal^of  anjoMgnablo 
magnitude  :  for  the  immediate  operation  of  the  force  very  much  resembles, 
in  the  rnnst  comTnon  casef,  the  efFert  of  a  wedtre,  or  of  a  moveable  iiicliued 
piaue ;  thus,  a  wnigL'  remains  in  ei|uiiihriuni,  when  the  forces  acting  on 
each  side  are  in  proportion  to  its  length,  Uke  the  hydrostatic  pressure  on  a 
voml  of  a  similar  form.  Tho  oonditiona  of  the  equilibrium  of  fluida  may 
alio  bo  dolanninady  In  aU  oana^  from  tlioftfMnl  law  of  tbo  doteent  of  tho 
ontro  of  gravitjr  to  tho  lowaat  point*  Thus,  k  is  easy  to  show  that  even 
trim  two  bniidiaa  of  a  tobo  aio  of  nneqaal  diamctBi^  a  fluid  auut  itaad  at 
>»  HoolNdaflda|MtntlbrfU*piOMinl79S. 
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the  Bame  height  in  both  of  them,  in  order  to  remain  in  equilibrinm  :  for  if 
any  portion  be  supposed  to  stand,  in  either  leg,  above  the  surface  of  the 
fluid  in  the  other  leg,  it  is  obvious  that  its  centre  of  grovity  nmy  lie  lowered, 
by  removing  so  much  of  it  m  will  raise  the  fluid  in  the  opposite  leg  to  it» 
own  level,  the  bituation  of  the  fluid  below  remaining  unaltered  ;  con»^ 
qoently  the  centre  of  gravity  of  the  whole  fluid  can  never  acquire  ittt  lowest 
ntaation,  uokM  bofli  lfa»  MirfcMB  am  in  th«  nmo  leriL  - 

Th««iry  rad  all  other  eMe  fliudi^  an  wpulfy  aubjed  wHh  Uqoidato 
fliia  gmatl  law.  Thii%  a  maoh  groalat  fotoa  is  nqviidl,  in  order  to 
pfodnoo  a  blast  ol  a  grren,  intonnty  with  a  large  pair  of  bellows,  than  with 
a  smaller  pair ;  and  for  the  same  reason,  it  is  much  easier  to  a  glassblower, 
when  he  uses  a  blowpipe,  t<>  cinploy  the  muscles  of  his  inouth  and  lips, 
than  those  of  his  chest,  although  these  are  nmclj  more  powerful.  If  we 
^tiniat«  the  section  of  the  chest  at  a  foot  srjuare,  it  will  require  a  force  of 
seventy  pounds  to  rai^e  a  column  of  mercury  an  Inch  high,  by  means  of  the 
muscles  of  respiration,  but  the  section  of  the  mouth  is  scarcely  more  than 
eight  or  nine  iqnaM  i]iehei»  and  a  preasave  of  the  same  intamity  may  hare 
be  produced  hj  a  force  of  abofot  four  ponnds.  Hie  Klaseblower  otitaine, 
Mdea,  the  admntage  of  being  aUe  to  continiie  to  bresthe  daring  the 
opCfation,  the  commnnication  of  the  oheet  with  the  nostrils  nniauBBg 
epen,  while  the  root  of  the  tongue  is  pressed  against  the  palate. 

It  is  oI)vious  that  the  pressure  on  each  square  inch  of  the  siile  of  a  vessel, 
or  nn  ( ach  stjuare  fof>t  of  tlie  bank  of  u  river,  continually  increases  in 
descending  towards  the  Iwtt^m.  If  we  wish  to  know  the  sum  of  the 
pressures  on  ail  tlm  parta  of  the  side  or  bank,  we  must  take  some  mean 
depth  by  whieh  we  ean  eeliniale  it }  and  Ale  nmafc  be  tfie  depth  of  tlM 
point  whieh  would  be  the  eentie  of  gravity-  of  the  sutfiMi^  if  it  were 
peaeeeeed  of  weight  Tlras^  if  we  had  a  hollow  cube  fiUed  with  water,  tha 
centre  of  gravity  of  each  side  being  in  its  middle  pomt^  the  promtre  on 
each  of  the  upright  sides  would  be  half  as  great  as  the  pressure  on  the 
liottom,  that  is^  it  would  be  eqndl  to  half  the  we^^of  the  water  contained 
in  the  cul^e. 

If,  however,  we  wished  to  sujiport  ilie  side  of  the  cube  externally  by  a 
force  applied  at  a  mng^le  |)oint,  that  point  mast  be  at  the  distance  of  one 
third  of  the  height  only  from  the  bottom.  For  the  pressure  at  each  point 
nwy  be  represented  bj  aline  etpial  in  leugth  to  depth  beknr  the suifim^ 
ttid  a  aerlee  of  each  linea  may  be  suppoaed  to  coneHtale  •  triangk^  of 
which  the  eentre  of  gmvitf  will  indioat^  the  place  of  tha  centn  of  pieaeara 
of  the  surface ;  and  the  height  of  the  centre  of  gravity  will  always  be  one 
third  cKf  that  of  the  triangle.  It  is  easily  inferred,  from  tliis  representation^ 
that  the  whole  pressure  on  the  side  of  a  vessel,  or  on  a  bank,  of  a  given 
length,  is  proportional  to  the  square  of  the  depth  below  the  water  to  which 
it  extends.    (Plate  XIX.  Fig.  245.) 

The  magnitude  of  the  whole  jiressnre  on  a  concave  or  convex  surface 
may  also  be  determined  by  tlie  position  of  its  centre  of  gravity  ;  but  such 
a  detenninatloa  b  of  no  pmotical  utflity,  alnee  tlm  portions  of  thelbrsea 
which  act  hi  dlflbnttt  dinctiona  must  always  destroy  each  other.  Tbua 
the  perpendicular  prsssoio  on  the  whole  internal  surlhce  of  a  sphere  filled 
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wtth  a         is  three  times  as  great  as  the  mAf^  4t  tht  lliid ;  M  Am 

force  tending  to  bnrst  the  sphere,  in  ths  ebfemnAnDM  «i  mnj  vwifetl 
circle,  is  only  three  fourths  of  that  weight. 

If  two  fluids  are  uf  different  specific  tfravities,  that  is,  if  e(|ual  bislk-^  nf 
them  have  dirt'erent  weiii^hta,  their  opposite  pn  s^iires  will  couiiterf)alaiict' 
each  other,  when  their  heights  above  the  comnioii  surface  are  inversely  as 
their  specific  graTities  ;  for  it  is  obyions  that  the  greater  density  of  the  one 
will  precisely  compenstto  fyr  Hi  diAfikncy  in  height  TIlui^  *  oofanni  of 
mnearjf  ttaodlng  at  the  hsi^  of  90  inobse  la  s  tabe,  wtU  support  tho 
pressure  of  a  column  of  water,  in  another  branch  of  thi  tah^  tnetly  SA 
feet  high  :  since  the  weight  of  t*^  cubic  inches  of  mercury  u  «qiial  to  thai 
of  408  cubic  inches  of  water.    (Tlate  XIX.  Fi^'.  24<5.) 

We  have  htthcrta  (cmsidered  the  properties  of  fluids  in  contact  wit]! 
Bolids  whicli  ary  iinmuveable,  and  of  iavarinUlp  form  ;  but  it  often  baj  jH  us 
that  they  act  on  substances  which  are  moveable  ;  and  they  are  t>onietiines 
coBtmoed  in  vessels  of  which  the  form  is  susceptible  of  vaiiatbn  ;  in  these 
oMoi^  oilier  oanndenlMin  an  noeessary  fog  tfaa  dtttrmwiafcion  of  tbo  oqul* 
Khriiin  cf  floMa  aDd  lottda  witk  oaok  other ;  and  m  fho  first  plaoe  the 
psopoitua  of  fioakiqg  bodies  require  to  be  investigated. 

When  a  solid  body  floats  in  a  fivid,  it  displaces  a  quantity  nf  the  fluid 
equal  to  itself  in  weight ;  and  every  solid  which  is  incapable  of  doing  this, 
mnst  »h\k.  For  in  order  that  the  solid  iimy  remain  at  rest,  the  ^^^^((ure  of 
the  fluid  below  it,  reduced  to  a  vertical  diit  ( tiou,  must  be  precis  ely  t  qual  t<> 
its  wetebt  :  but  l>efore  the  body  was  imuu  ised,  tlie  same  piensure  was 
exerted  ou  the  portion  uf  the  fluid  which  m  now  displaced,  and  was  exactly 
oomiterMaMed  by  ita  weight ;  ooMOquently  that  wci|^  waa  «q|QiI  to  tfaa 
waigfat  of  the  floating  body. 

Sinee  tbo  foree  wbieh  eapporta  the  of  a  floatnig  body,  is  the  pna* 
sure  of  the  fluid  immediately  below  it»  if  this  pressure  be  removed  or 
diawniehed,  tha  body  may  remain  at  rest  below  the  eoifeee  of  the  fluid, 
even  when  it  is  specifically  lighter.  Thus  a  piece  of  tcty  smooth  wood  will 
renuiin,  for  souu>  thuf.  in  contact  with  tlie  flat  bottom  of  a  vessel  of  water, 
until  tlu'  water  insinuates  itself  beneath  it  ;  and  it  will  continue  at  tlie 
bottom  of  a  vessel  of  mercury,  without  any  tendency  tu  riiie,  since  the 
mercury  has  no  disposition  to  p^etrate,  like  water,  iato  any  minats  inteiv 
eticaa  which  nay  be  eapaUa  of  admittiag  iL  And^  for  a  similar  reeeoiv  if 
the  pieentra  of  the  inoambcnt  fluid  be  removed  ftomtheapper  earfaee  of  a 
eolid  substanca  iHdieUy  immersed  in  it,  the  solid  may  remain  Biis|iended« 
although  heavier  than  an  equal  bulk  of  the  fluid.  Thus,  if  a  tabe  or  Teseel 
of  any  kind,  open  ahore  and  below,  have  a  bottom  of  metal,  i*To«nd  so  as  to 
•  come  iwUi  perfect  contact  with  it,  without  hvivn:  fixed,  the  bottom  will 
appear  to  adheru  to  the  vessel  when  it  is  immersed  to  a  sufficient  depth  in 
water,  Uie  vessel  remaining  empty. 

In  order  that  a  floating  }M>dy  may  remain  in  equilibrium,  it  is  also  neccs- 
eiry  that  ila  eentre  of  gravity  be  in  tfaaeame  vertical  Una  with  the  centre  of 
gaavity  of  tfaa  fluid  displaced;  eftharwiee  the  weight  of  the  eolid  wiU  not  bo 
eompletdy  oonnteiaatod  by  the  preeenia  of  tha  fluid.  The  nature  of  tho 
aqiii]ibrfaim»  with  leepeet  to  etabilify,  ia  detaraUned  by  tiie  poeition  of  the 
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metacentre,  or  centre  of  prpssiirp,  which  may  be  considered  as  a  fixed  point 
of  Bxispension  or  8Uj>i>ort,  f"r  ihc  solid  body,  it  is  obvious  that  when  the 
lower  surface  of  the  body  is  spherical  or  cylindrical,  the  nictacvntre  must 
coini  1  le  with  the  centre  of  tlie  figure,  since  the  height  of  this  point,  as  well 
as  tiie  form  of  the  portion  of  the  fluid  displaced,  must  remain  invariable  in 
•11 4^wiiiiuteiices,  and  tlui  nitiiTC  of  the  eqiiUibrium  witt  dqwi^  on  tiw 
dkfeaoee  of  the  eentn  of  gmnty  above  or  below  the  oentie  of  the  epheve  or 
cjlinder.  And  the  piece  of  Uie  meteoeDtre  may  eliniiyB  be  detetiniiied 
from  the  form  and  extent  of  the  surface  of  the  diaplaoed  portion  of  the 
fluid,  oompaTed  with  its  bulk  and  with  the  situation  of  tta  oeotre  of  gimvitjr. 
For  example,  if  a  rectangular  beam  be  floating  on  its  flat  surface,  the 
height  of  the  metacentre  above  the  centre  of  gravity  will  be  to  the  breadth 
of  the  beam,  as  the  breadth  to  twelve  times  the  depth  of  the  partimnierst'd. 
Hence,  if  tlie  beam  be  sq^uare,  it  will  float  securely  when  either  the  part 
immersed  or  the  pert  above  the  earfece  is  less  than  iVv  of  the  whole ;  bat 
when  it  ie  le«  tmequall/  fivided  by  the  eniftoe  of  the  fluid,  it  will  owieei. 
Ji,  however,  the  Ineedth  be  eo  inoreeeed  m  to  be  neeriiy  one  Ibiirdi  gneter 
than  the  depth,  it  will  poasese  %  eetti^  degree  of  itaUliiy  whatevtr  He 
density  may  be.   (Plate  X  T  X .  Fig.  247.) 

When  the  equilibrium  of  a  floating  body  is  stable,  it  may  oscillate  back- 
wards and  forwards  in  the  nei^rhlmiirhood  of  the  quiescent  position  :  and 
the  oscillations  will  be  the  more  rapid  in  proportion  as  the  stability  is 
greater  in  comparison  with  the  bulk  of  the  body.  Such  oscillations  may 
also  be  combined  with  others  which  take  place  iu  a  transverse  direction  :  a 
ship,  for  ezainple»  may  mil  on  an  vde  in  the  direotbn  of  her  length,  and 
'  may  pitch,  ei  the  eame  time,  upon  m  aeoond  axle  in  the  dlreetioii  of  tlio 
beame.  Beeidee  thcee  votatoiy  vibrational  a  floating  body  whlefa  ie  anflbnd 
It  lUl  into  a  fluid,  will  eonunonly  rise  and  sink  several  times  by  its  own 
weiglit ;  and  in  all  these  cases,  the  vibrations  of  any  one  kind,  when  they 
are  small,  are  perfonned  nearly  in  equal  times  :  but  various  and  intricate 
combinations  may  sumetiinf^  arise,  from  the  difference  of  the  timM  in 
which  the  vibratiouw  of  ditrvreut  kinds  are  perlbrmed. 

When  a  solid  body  is  wholly  immersed  in  a  fluid,  and  is  retained  in  He 
situation  by  an  external  force,  it  loses  as  much  of  its  weight  as  is  equiva- 
lent to  an  equal  bulk  of  the  fluid.  For,  oooMivi^g  the  fluid  whieh  ie 
diaplaoed  by  the  body,  to  have  been  eonverted  into  a  aoUd  Ij  oonigelalifla, 
it  ia  obviooe  that  it  would  retain  ite  altnation,  and  the  difetenoe  ef  the 
preesures  of  the  fluid  on  ite  vaiioue  parta  would  be  exactly  sufficient  to 
support  its  weight.  But  these  pressures  will  be  the  same  if  a  body  of  any 
other  kind  be  substituted  for  the  congealed  fluid  ;  tlieirbnovRnt  effect  may, 
therefure,  be  always  estimated  by  the  weight  of  a  portion  of  tlu-  lluid  eNjual  • 
in  bulk  to  the  solid.  Thus,  when  a  little  figure,  containincr  a  liul  tjk  of  air, 
is  immersed  in  a  jar  of  water,  which  is  so  covered  by  a  bladder  tliat  it  may 
be  oompreeeed  by  the  hand,  the  bulk  of  the  figure  with  ite  bubble  la 
diwinirfwd  bytbe  pteenue,  11  ia^  thenibn^  leae  supported  by  the  water,  and 
it  bflgme  to  ank ;  and  when  the  hand  la  ranoved  it  inunediate^  liaee 
again.  (Plate  XIX.  Fig.  m) 
While  a  body  ie  actually  ridng  or  einking  in  a  fluid,  with  an  aoceleraled 
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BwttoB, the  tmeoB  of  gafHy  tdag  pMrtly  employed  in  guMwiilinft  nwtnentam 
dihcr  in  tiift  fluid  or  in  tlio  toUd,  tiio  wliole  pmwuo  on  the  bottom  of  iiio 

vessel  is  necessarily  somewhat  lessened.  Hence  the  apparent  weight  of  e 
jnr  of  water  will  suffer  a  slight  diminution,  while  a  bullet  is  descending  in 
it,  or  while  huhblos  of  air  are  rising  in  it,  hut  the  diflference  can  soldom  bo 
g^K&t  enough  to  In     ndered  easily  discoverable  to  the  sens^^s. 

It  sometimes  iiu])penB  that  a  solid  body  is  partly  supporteil  hy  a  fluid, 
and  partly  by  another  solid;  of  this  we  have  an  example  in  one  of 
Dr.  Hookas*  iqgonloiis  inTontloat  for  Iceeping  a  toiboI  always  fulL  A 
liaif  cylindor,  or  •  bemlipiMn^  being  partly  supported  on  an  aada,  lAddt  b 
in  Hie  plane  of  tlie  enrfiwe  of  the  fluid,  its  weight  is  ao  adjnated  as  to  be 
equal  to  that  of  a  portion  of  the  fluid  of  half  itB  magnitude  :  when  the 
TOMol  is  full  it  is  half  immersed,  and  exerts  no  pressure  on  the  axis :  it 
descends  as  tlie  fluirl  is  exhausted,  and  its  tendpiicy  to  turn  round  its  axia 
can  only  be  counteracted  by  the  pressure  of  the  fluid  on  its  flat  side,  as  long 
n5)  the  surface  of  the  remaining  porUon  of  the  fluid  letaius  its  original  level, 
(riate  XiX.  Fig.  24y.) 

When  a  fluid  ia  eontained  in  a  vamdof  a  flexible  natnre,  tbe  aid«a  of  the 
Tenel  will  alwaya  beeome  curved,  in  ooosequenee  of  the  pnMoie^  and  the 
mere  in  pioportion  aa  the  pnmnra  ia  greater;  th^  fonn  of  the  onrved  ior- 
&ee  will  also  be  such  that  the  common  centre  of  grarity  of  the  fluid  and 
tiie  TemeL  may  descend  to  the  lowest  point  that  Uie  circumstances  of  the 
cai^e  allow  ;  this  fonn  is  generally  of  too  intricate  a  nature  to  he  determined 
by  calculation  :  no  rnatiieiimLu  ian  lia^^  liitlu'iio  l>et'u  al  le  to  investigate,  for 
example,  the  curvHture  which  a  square  or  rectangular  hag  of  leather  will 
assume  when  iiiied  with  water  or  with  corn.  When,  indeed,  one  dimension 
only  of  a  vwmI  ia  oonaUMod,  Ibr  initanei^  wbm  the  bottom  of  a  eiittni  ia 
suppoeed  to  be  flexible^  and  to  be  flzed  at  two  oppoeito  odci^  while  the  enda 
are  rimply  in  eonftaet  with  nprig^t  waUi^  withont  allowing  the  watar  to 
run  out,  the  nature  of  the  curre  may  be  determined  with  tolerable  facility, 
whether  the  weight  of  the  bottom  itaelf  be  considered  or  not.  If  the  wei^ 
be  exactly  equal  to  that  of  the  water,  the  form  of  a  semicircle  will  agree 
with  the  conditions  f-if  efjnilihriinn,  l^orn'Milli  has  deraonstrat«Hl,  sup- 
posing the  fixeti  points  at  tht  tli^tauce  of  its  diaiiiitt  v  ;  I  nt  if  th(>  %\  oiirht  of 
the  bottom  be  neglected,  tlve  curvature  wHl  be  everywhere  proportional  to 
the  distance  bebw  the  surface  the  form  being  the  same  aa  that  of  an  elastic 
ndybentbytwofoieeetnthedireetienof  theaoifiMe.  Theeemeprineiples, 
witii  a  lUght  diflercnoe  in  the  calenktion^will  iervetodetetminethefanna 
adapted  to  the  eqniUbtinm  of  atehee  intended  for  euppoitiqg  the  weight  of 
anperincumbent  fluids,  or  of  such  soft  materials  as  approach  nearly  in  their 
operation  to  mote  peiftot  fluids.  (Plate  XIX.  Fig.  2M.) 
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ON  PNEUMATIC  EQUILIBRIUM. 

Tub  lawg  of  the  prestture  and  equilibrium  of  liquids,  which  are  the 
peeuUn  tabjeeto  ol  hydnwtntiesi  im  also  applieaUe  in  gimrtl  io  iuklt  of 
an  kindly  m  far  as  thay  an  eoupatibla  with  the  oompieaaibillty  of  tboaa 
fluids  or  with  thair  tandancy  to  azpand. 

Ehutic  fluids  arc  di'^tingiiisdiedfttoiii  Uqoida  by  the  absence  of  all  calieeiw 
force,  or  by  their  immediate  tMidency  to  expand  when  they  are  at  liberty. 
Such  are  atmospheric  air,  strain,  and  cnsesof  various  kindf* ;  mth!  the  consi* 
deration  of  tiieso  Huido,  iti  the  f^tate  of  rest,  constitutes  the  ductriue  of  pneu* 
matostatics,  or  of  tlof  f  [inli))rium  of  elastic  fluids. 

That  Uieair  is  a  materiui  subBtance,  capaitieof  rcsistiug  pre^jsure,  iaeasify 
abown  by  bi'etthig  aa  empty  jar  in  water,  and  by  the  opeMtloB  of  tnna- 
tvniog  ain  and  gases  from  Teasel  to  Tessel»  in  the  pncnmatio  appamtatf 
used  by  chemisls*  The  tendaney  of  tfaa  air  to  escpaiid  U  dhowa  by  tba 
experimant  in  which  a  flaccid  bladder  beoomea  distended,  and  shriTdlsd 
fruit  recorers  its  full  sixe,  as  soon  as  Uie  external  pressure  is  removed  fiotii 
it,  by  the  operation  of  the  air  pump  :  and  the  ma**nitu(le  of  this  eTpan«^ive 
force  is  mnre  distinctly  seen,  when  a  portion  of  air  is  inclosed  in  a  tflass 
ves.Hel,  tof^etlier  with  8ome  mercury,  iu  which  the  nioutli  of  a  tube  is 
immersed,  while  the  other  end  is  open,  and  without  the  vessel ;  ho  tliat 
when  the  whole  apparatus  is  inclosed  in  a  Tery  long  jar,  and  the  air  of  tiia 
jar  is  exhausted,  the  eolnmn  of  mereuiy  beoomea  the  measure  of  the  ed^au- 
SITS  f oroe  of  the  air.  (Plate  XIX.  Fig.  261 .) 

If  tile  diameter  of  the  tube,  in  an  apparatus  of  this  kind,  were  very 
small  m  comparison  with  the  bulk  of  the  air  confined,  the  column  of  mer- 
cury would  he  raised,  in  the  ordinan,-  circumstance*!  of  the  atmosphere, 
to  the  height  of.  nearly  30  inches.   But  sapposiog  the  magnitude  of  the 
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tib*  wwHk,  Ihtk  tha  portion  of  air  maii  expand  to  twiee  ite  mtanl  balk, 
belbn  the  vmcaxy^  aoqiiived  m  height  mifficint  to  ooimteipaue  it^  liib 
hd^t  would  be  16  indMi  011I7.  For  it  appeue  to  be  a  genenl  law  of 

all  elastic  flaidfl,  that  their  pressnre  on  any  given  surfaea  ie  dhninished 
exactly  ill  the  same  proportion  as  their  bulk  is  increased.  If,  therefore,  the 
column  of  tncrcury  in  the  vacuum  of  the  air  pump  were  60  inches  high,  the 
air  would  be  reduced  to  half  its  natural  hulk  ;  and  for  the  imme  reason,  the 
pressure  of  a  column  of  30  iuches  of  mercury  in  the  open  air  will  reduce 
any  portion  of  air  to  half  ita  bulk,  aince  the  natural  pre&iiure  of  the  aUuo- 
aphen^  which  iseqwl  to  that  of  about  90  inohea  of  marcnry,  is  dooUad  bj 
the  addition  of  an  equal  pgaawno.  Inthe  same  namier  the  deaaltyof  the 
air  in  a  diving  bell  is  doubled  at  the  depth  of  34  fieei  lialow  the  aoiiMe  of 
the  water,  and  tripled  at  the  depth  of  68  feet.  Thialaw  waa  difoorend  by 
Dr.  Hooke  ;*  he  found,  however,  that  when  a  very  great  pressure  had  been 
applied,  so  that  the  density  became  m.uiy  times  greater  than  in  the  natural 
state,  the  elasticity  appeared  to  be  somewhat  less  increased  than  the  density; 
but  this  exception  to  the  general  law  has  not  been  oonfirmed  by  later  and 
more  accurate  experimcnl8.t 

Not  only  the  common  air  of  the  ataoapheve  and  other  pennanantly  elastic 
gseesy  but  alaoateama  and  vapoun  of  all  IdndBy  appear  to  be  equally  aobjeot 
to  thk  onivenal  law :  thegr  must,  however,  be  eyandiMMi  at  tempcfatoiea 
auffioient  to  jireserve  them  hi  a  atateof  dastiaty ;  for  example,  if  wowiihed 
todeiermine  the  force  of  steam  twice  as  dense  as  that  whioh  io  usually  pro- 
duced, weshoubl  be  obliged  to  employ  a  heat  30  or  40  degrees  above  that  of 
boiling  water,  we  should  then  find  that  stcnTTt  nf  snt  b  a  density  n^i  to  support, 
when  confined  in  a  dry  vessel,  the  pressure  of  a  column  of  iUi  inches  of 
mercury,  would  be  reduced  to  halt  its  hulk  by  the  pressure  of  a  coluum 
of  60  inches.  But  if  we  increased  the  pressure  much  beyond  this,  the 
iteam  would  be  converted  into  water,  and  the  experiment  would  be  at  an 
end.  • 

Thattheair  which annoonda  «a  ia  anbjeeted  to  the  po«er  of  gravttatiDB, 
and  poBsessea  wdght,  may  be  ihown  by  weighing  a  vessel  which  has  been 
exhausted  by  means  of  the  air  pump,  and  thai  lowing  the  air  to  enter,  and 
weighing  it  a  sfconi!  time.  In  this  manner  we  may  ascertain  the  specific 
gravity  of  the  air,  even  if  the  exhaxistion  is  only  partial,  provided  that  we 
know  the  proportion  of  the  air  left  in  the  vessel  to  that  u  hich  it  originally 
contained.  The  pressure  derived  from  tlie  wei^t  of  the  air  is  also  the  cause 
4if  jthaaicentof  hy  Uiogen  gas,  or  of  another  poction  of  air  whioh  ianunM 
hy  heat,  and  carriea  with  it  the  anotke  of  a  fire ;  and  ihe  efaet  la  made 
move  eoiicpiBaeui^  when  eithor  the  Jiydxogm  g«%  or  the  heated  air,  ia  can* 
fined  in  a  balloon.  The  diminntion  of  the  apparent  weight  of  a  body  bj 
means  of  the  prrasure  of  the  surrounding  air,  is  also  shown  by  the  deatlQO- 
tion  of  the  equilibrium  between  two  bodies  of  different  densities,  upon 
their  removal  frou)  ihp  njipn  air  into  the  vacuum  of  an  air  pmnp.  For 
this  purpose  a  light  hollow  bulb  of  glass  may  be  exactly  counterpoised  in 
tiic  air  by  a  much  smaller  weight  of  brass,  witli  an  index,  which  shows, 

*  Birch's  Hi^'nry  of  the  Uoyiil  So.  icty.  1078,  iii.  381,  387. 

t  Hickmaun  on  the  Compression  of  tiie  Air  by  Ice,  Not.  Com.  Petr.  ii.  162. 
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on  a  gvadiiated  tcalc^  <he  dagvee  in  which  the  laig«  ball  is  made  to  pivpon- 
detata  in  the  leoeiver  ef  the  air  jnunp^  by  the  laralhetioii  of  the  air,  lee^ 
eiiin^^  the  buoyant  power  which  lieipe  to  eoppott  its  weight*  (Plate  XIX. 

From  thia  combination  of  weight  and  elasticity  in  the  atinos])hf>rt\  it  fal- 
lows, that  itA  upper  parts  must  be  much  iiiorp  rnre  than  those  which  mit 
nearer  to  tiie  earth,  since  the  density  is  everywhere  proportional  to  the 
whole  of  the  auperincumbeut  weight.  Tiie  weight  of  a  column  of  air  one 
foot  in  height  is  one  twenty  eight  thousandth  of  the  whole  pressure  ;  conse- 
quently that  preaenre  isinareased  one  twenty  eight  Hioaiandth  by  theaddi* 
tion  of  tlie  weight  of  one  fool»  and  the  nasi  foot  willlM  deneor  in  die  eamo 
pro|iortiaa,  dnee  the  dcneitj  la  alwaya  propoftionafte  to  tiia  prcemue ;  the 
pressure  thus  increased  Mrill  therefore  Htill  be  equal  to  twenty  ^(^t  tiiousand 
times  the  weight  of  the  next  foot.  Tiie  same  reasoning  may  be  continued 
without  limit,  and  it  may  be  shown,  that  while  we  suppose  the  hei^;ht  to 
vary  by  any  uniform  Ht<»ps,  as  hy  distances  of  a  foot  or  a  mile,  the  pressures 
and  densities  wiii  inere^M?  in  continual  proportion  ;  tiius,  at  the  heiijht  of 
about  ;>000  fathoms,  the  density  will  be  about  half  as  great  as  at  the  cartli's 
surface ;  at  the  height  of  6000,  one  fourth ;  at  9000,  one  eighth  as  great. 
Hcnee  it  ia  inlinrred  that  the  height  in  fathonu  may  be  readily  found  frooi 
the  logarithm  of  the  number  eaqpreedng  the  denaity  of  the  air ;  for  the 
If^atithm  of  the  number  2;  multiplied  by  10^000,  b  9010^  the  logatttlim  ef 

0020,  and  that  of  8,  9031 ;  the  corresponding  logarithms  always  in- 
creasing in  oonUnual  proportion,  when  the  numbera  are  taken  laiger  and 
larf,'er  by  equal  steps.    (Plate  XIX.  Fi:^'.  '2!i^.) 

Hf  lice  AN  t'  iihtain  an  eauy  methud  nf  ili  tcrTniiiiiiL:  tlir  hcii^litsof  mouutaias 
with  tolerable  actiiracy  :  for  if  a  bottlt  of  air  wtre  closely  8topj)od  on  the 
summit  of  a  mountain,  and  being  brought  in  this  state  into  tlie  plain 
behnr,  its  mouth  were  ineerted  into  a  veeeel  of  water  or  of  mercury,  a 
certain  portion  of  the  liquid'  would  enter  the  bottle ;  thia  being  weighed,  if 
it  were  found  to  be  one  half  of  the  quantity  that  the  whole  bottle  would 
oontain,  it  mig^t  be  concluded  that  the  air  on  the  mountain  possessed  only 
half  of  the  natural  density,  and  that  its  height  was  9000  fathome*  It  ap- 
pears also,  from  this  statement,  that  the  height  of  a  column  of  equal  density 
with  f\ny  part  of  the  atmo'^phere,  equivalent  to  the  pressure  to  which  that 
part  ijj  sui)jected,  is  every  where  equal  to  alj  nit  28,000  feet. 

Many  corrections  are,  however,  necessary  for  ascertaining  the  lieights  of 
mountains  with  all  the  precision  that  the  nature  of  this  kind  of  measure- 
mmt  admite ;  and  they  inrolTe  eerefal  determinafttoni^  which  require  a 
preriona  knowledge  of  the  eflbda  of  heaft^  and  of  the  nature  of  tha  aieent  of 
Tapoure»  wUeh  cannot  be  examined  with  propriety  at  pnent^ 

We  may  easily  ascertain^  on  the  same  principles,  the  height  to  which  a 
balloon  wffl  ascend,  if  we  are  acquainted  with  its  bulk  and  witli  its  weight : 
thus,  supposing  its  weight  600  pounds,  and  its  bulk  such  as  to  enable  it  to 
raise  300  pounds  mon\  it?  f-']>ecifir  2■'ra^  it}-  iiui«t  be  five  eighths  as  great  as 
that  of  the  air,  and  it  will  r  ontinue  to  rise,  until  it  reach  the  height  at 
which  the  air  is  of  tlie  same  density :  but  the  logarithm  of  eight  fifth^i, 
multiplied  by  10,000,  is  2040 ;  and  this  is  the  niuuber  of  fathoms  contained 
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in  the  htH^^  whieh  will,  ttunlbn,  be  a  littb  more  than  two  tnilai  sad  • 
qnazter.  It  may  be  foimd,  hy  paxmii^  tba  cekoktion,  that  at  the  di^ 
taaee  of  the  eaiih*s  eemidiametery  or  noariy  4000  miles  above  ite  surface, 

the  air,  if  it  existed,  would  become  so  rare,  that  a  cubic  inch  would 
occupy  a  f^paoe  equal  to  the  sphere  of  Saturn'H  orhit :  and  on  the  other 
hand,  if  there  were  a  mine  about  42  niiles  deep«  the  air  would  beeome  as 
dense  as  quicksilver  at  the  bottom  of  it. 

It  appears,  therefore,  that  all  bodies  existing  uu  or  near  the  eartii's 
•niiMe  nay  be  eomUend  te  mljeoled  to  the  pnanue  of  a  oolimm  of  air 
ttyOOO'lbet  hli^  eapporing  Hi  dennty  ereiywliere  equal  to  that  wMbh  ft 
poMHia  at  the  eavCh'a  iniftM^  and  wUdi  ia  neoally  each,  thai  100  wine 
gallons  weigh  a  pound  avoirdupois  ereeling  a  preamia  eqnal  to  that  of  30 
indies  of  nienniy,  or  34  feet  of  watn^  and  wliioh  amounts  to  14|  ponnda 
for  each  square  inch.  Tliis  pressure  acts  in  all  directions  on  every 
substance  which  is  exposed  to  it :  but  being  counterl)alance<l  by  the 
natural  elasticity  of  these  siil>stance«,  it  produces  in  comirioii  no  apparent 
effects ;  when,  however,  by  uieaim  of  the  air  pump,  ur  otherwise,  the  pres- 
Mire  of  the  air  is  removed  &om  one  side  of  a  body  while  it  continaee  to 
aot  on  the  other,  its  openllimbeeonMa«xCi«mefyevldeMt.  Thni^  when  two 
luOow  homaplMra^  in  emlaet  with  eadi  odiar,  ait  enhawBted  of  air,  they 
am  made  to  ooheie  with  gnat  foroe ;  they  are  named  Magdeburg  henue- 
pheres,  because  Otto  von  Guerike,  of  Magdeburg,*  oonstmcted  two  eneh 
hemispheres,  of  sufficient  magnitude  to  withstand  the  draught  of  the  em- 
peror's six  coach  horses,  puUinjT  with  all  their  foroe  to  sepsrate  theni.  By 
a  similar  pressure,  a  thin  .sijunre  Iwttle  nuiy  Ix;  crushed  when  it  is  suf- 
ficiently exhausted,  and  a  lihuldt  r  nisiy  be  torn  witli  a  loud  noise  :  and 
the  hand  being  placed  ou  the  mouth  of  a  vetisei  which  is  connected  with  the 
air  pump,  it  ia  Used  lo  it  very  forcibly,  when  Hm  exhanetfon  ia  perftwrned, 
by  the  piearan  of  the  air  on  the  baek  of  the  hand ;  the  flmda  also,  iHueh 
eivBolate  in  tlie  bloodfamia  of  tiia  hand,  aio  Ibfoed  towaida  Ha  lower  amy 
ftce^  and  the  effect  whidi  ia  called  enetlon  is  produced  in  a  very  striking 
manner.  It  is  on  the  aame  ptiadple  that  capping  glasses  are  employed,  a 
partial  exhnn^tinn  being  procured  by  means  of  the  flame  of  tow,  which 
htats  the  air,  and  expels  a  great  part  of  it ;  ao  that  the  remainder,  wlien  it 
cools,  iy  cimslderably  rarefied. 

It  was  Galileo  tliat  hrst  explained  the  nature  of  suction  from  the  effects 
of  the  pressure  of  the  atmosphere  ;t  and  his  pupil  Torrioelli  t  confixmad  hie 
doetrinea  by  employing  a  cohiam  cf  nevcoiy,  of  eofficient  height  to  ofai^ 
ceane  the  whole  ptmmn  of  the  atmosphere  and  to  produce  a  vaconm  in 
the  npper  part  of  the  tnbe  or  vwael  contaiaiag  it  In  tfaa  qMnUen  of 

*  Schotti,  Mechsnim  HydnuUioo-PnemDatica,  4tQ,  1657.  OttoiUs  Goericke, 
BsperimentsNova  Magd^orgica,  fol.  Amst.  1670. 

t  ^Vl  may  doubt  whether  this  is  not  saving  too  much.  Galileo  proved  that  the 
air  has  weight,  and  not,  as  was  then  believed,  intrinsic  levity.  He  actually  weighed  a 
portion  in  a  ffulr,  but  hb  determination  of  the  specific  gravity  of  air  is  not,  as  we 
might  cunjecture.  very  accurate.  Opere,  iii.  47.  The  gmitf  ef  air  was,  liowever, 
known  to  the  andeots.    See  Ariatotle,  De  Coelo,  lib.  iv. 

t  Ob  this  sabject.  see  PSacal,  Traits  de  TEquilibre  da  Liqueurs,  Far.  1669,  p.  177. 
Gertirii  Open,  ii.  MS,  840 1  andHentada  Histoive  dM  Ifath^Btt^^ 
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■uoUng  op  a  iaid  thraogli  a  pipa»  with  ibe  nmUDi  or  othtrwiM^  the  pn«- 

mire  of  the  air  Is  bat  partiaDy  nmored  from  the  upinr  surface  of  the  fluid, 
and  it  becomes  capable  of  aaeending  to  a  height  which  is  determined  by  the 
difference  of  the  densities  of  the  air  within  and  witliont  the  cavity 
concern rd  :  thus,  an  exhaustion  of  one  fourth  of  the  air  of  the  cavity  would 
eiiHl)le  U8  to  raise  water  to  the  height  of  8^  feet,  mid  mercury  to  7i  inclies, 
above  tlie  level  of  the  reservoir  from  which  it  risc^.  We  can  draw  up  a 
much  higher  column  of  mercury  by  sucking  with  ijxe  musdea  of  the  luouth 
only,  than  by  inspiring  with  tha  diMt»  and  the  fUfiinniwe  is  nneh  noia 
BUttked  than  the  difiermoe  in  the  loroes  with  whie^  we  ean  bhxir :  for  in 
sucking,  the  cavity  of  the  mouth  is  yary  muoh  aooferaeted  by  the  pfciiiic 
of  the  external  air,  and  the  Bene  force,  exerted  on  a  oaaUer  surface,  ia 
capable  of  Goonteiactiag  a  nmdi  gieater  hydroetatie  or  pnnuiiatic  pna> 
Bure. 

Wlieii  a  tube  of  ljUi-h  ibout  tliree  feet  long,  closed  at  one  eiul  and  open 
at  the  other,  is  hilcU  witii  mercury,  and  then  immersed  in  a  basou  of  the 
same  fluid,  the  pressure  of  the  atmosphere  is  wholly  removed  from  the 
npper  amfiiee  of  the  mennuy  in  the  tvha^  while  it  cewtinaBa  to  afst  on  the 
aieraiiy  In  the  bwoD,  and  by  its  niMoa  on  the  lower  Boilim  of  tfaeeohi^ 
Inthetahe.  H  andiatnbe  be  pIao«d  under  the  teeeiver  of  analrpnn^^ 
the  mercury  will  subside  in  the  toihfif  aoeordingly  as  the  prcasma  of  the 
atmosphere  is  diminished  ;  and  if  the  exhaustion  be  rendered  very  perfect, 
it  will  descend  very  nearly  to  the  1: -el  of  the  open  bason  or  reservoir. 
When  the  air  is  readmitted,  i]w  m  i(  ury  usually  rises,  on  the  level  of  the 
sea,  to  the  height  of  al)out  ;k>  inches ;  but  the  air  being  lighter  at  some 
times  tlian  at  others,  the  heiglit  varies  between  the  limits  of  27  and  ^1 
inches.  Thia  well  kaiewn  Instewnant,  frsm  He  use  in  measuring  the  wejght 
jof  the  «Bv  is  eaUsd  a  baiomdkv.  In  the  same  manner  a  cobunn  of  water 
inm  0D  to  S6  feet  In  hd|^  may  bo  eustaiaed  in  the  pipe  of  a  pomp ;  bni 
if  the  pipe  were  longer  than  thia,  a  vacuum  would  be  produced  in  the 
upper  part  of  it,  and  the  pump  would  be  incapable  of  acting. 

In  order  to  observe  the  lu'ivrlit  of  the  mercury  in  the  barometer  with 
greater  convenience  and  accuracy,  the  scale  has  sometimes  Iteen  amplified 
by  variuu.H  methods ;  either  by  bending  the  upj>er  part  <»f  the  tuljc  into  an 
oblic^ue  position,  as  iu  the  (iiagonal  barometer,  or  by  m.ikiug  tlie  lower  pait 
imriaontal,  and  ol  moeh  onaU^r  diameter  than  the  upper,  or  by  maki^  the 
whole  tube  straight  and  nanow,  and  slig ht^  mical,  or  by  placing  a  floa^ 
on  the  snrface  of  the  menmiy  in  the  mserroir,  and  oansbig  an  axia  wliici^ 
canias  an  index,  to  revolve  by  ite  motion.  But  a  good  simple  barometer, 
about  one  third  of  an  inch  in  diameter,  furnished  witli  a  vernier,  is  perhaps 
fully  a^^  accurate  m  any  of  these  more  complicated  instruments.  In  or<hT 
to  exclude  the  air  the  more  comjiletcly  from  the  tube,  the  mercury  iinist  at 
least  l)e  bhakeu  in  it  for  a  conMdirable  time,  the  tube  being  Ik  11  in  an 
inverted  position  ;  and  where  great  accuracy  is  required,  the  mercury  muut 
be  boiled  in  the  tube.  The  reservoir  most  commonly  employed  is  a  fiat 
wooden  box^  with  a  bottom  of  leather ;  the  oorer,  which  is  unscrewed  at 
pleasure,  being  cemented  to  the  tube.  Sometimes  a  scrsw  ia  made  to  act 
on  the  leather,  by  means  of  which  the  suifaoe  of  the  mercuty  is  always 
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brought  to  a  certain  level,  indicated  hy  a  float,  wliatever  portion  of  it  may 
be  ooBteiMd  in  ths  tebe;  bai  Iht  tMoenity  of  thb  «4jiiglnMii  nuy  be 
Mrily  AToided,  by  alloiniig  the  mueniy  to  pky  freely  between  two  had- 
sontel  tntCMee  of  wood,  of  modente  extent,  and  «t  the  diatme  of  one 
eetenlii  of  an  inch :  the  hiigjit  nay  tiien  be  always  meaenied  hem  the 
upper  surface,  wiilioat  senable  error.  But  if  the  surface;)  were  closer 
thato  this,  the  meiaiiy  wonM  stand  too  high  in  the  tube*  (Plate  XIX. 
F!g.  254.) 

The  same  method  which  b  eniployeH  for  determining  the  relation  be- 
tween the  heights  and  densities  of  da  tir  fluids,  may  be  extended  to  ail 
bodiee  which  are  in  any  degree  comprcssibie,  and  of  whicii  tiie  elasticity  is 
enbjeeted  to  laws  rimOar  to  tbeie  which  ai«  diMamiBble  in  ^  ahr  and 
in  other  gaMs:  and  it  ia  not  imyiebable  that  then  iawe  are  genenlly 
applicable  to  all  bodies  in  natnre,  ae  fhr  aa  their  teoctve  will  allow  them  te 
sobroit  to  the  operation  of  pressure,  without  wholly  lorfng  thdr  form. 
Water,  for  example,  has  been  observed  by  CSanton*  to  be  compressed  one 
twenty  two  tliousandth  of  its  bulk  by  a  force  equal  to  that  of  the  pressure 
of  the  atmosphere  ;  consequently  this  force  may  be  represented  by  that  of 
a  column  of  water  T/^O  t!i  usund  feet  in  heitrbt  ;  the  density  of  the  water 
at  the  bottom  of  a  iaki ,  i  ,>f  the  sea,  will  be  iiuK  used  by  the  pressure  of 
the  superincumbent  fimd  ;  ami  supposing  tiie  law  of  compression  to 
resemble  that  of  the  air,  it  may  be  mfarrsd  that  at  the  depth  of  100  milss, 
ila  density  would  be  doubled ;  and  that  at  200  it  would  be  quadrupled. 
The  tsme  measures  would  also  be  applioable  to  the  elaalidty  of  mercury. 
But  there  is  reason  to  suppoes  that  thij  ars  In  both  eases  a  little  too 
small. 


Lmt.  xxil— additional  authorities. 

nsad,  Noirrdles  Bip^rieuces  tonefaant  la  Vuide,  4to,  1647.   Tables  of  the  Coos- 

prtssion  of  Air  under  Water,  Ph.  Tr.  tI.  2192,  2239.  Sinclair,  An  Magna  Gravi. 
tatis  et  Leritatis,  4to,  Rotterd.  1669.  Mariotte,  mr  la  Nature  dcTAir.  1676.  Hari- 
oCtend  Rmnben on  the  Weight  of  Air.  Hist,  et  Mem.  de  Paris,  ii.  41.  Hombeiv, 
ii  10'  Walli«,  Ph.  Tr.  1685,  p.  1002.  HlUsjr,  ibid.  1686,  p.  106.  Derham,  ibid. 
i69d»  n.  2.  Desagoliers,  ibid.  No.  386.  Sengnerd  de  Aeris  Natudl.  4to,  Lend.  1699. 
Ouifad,  Hist,  et  M^m.  de  Pari*,  1705,  p.  Gl.  Lahirc,  ibid.  110.  H.  10.  Amontons. 
ibid.  119,  H.IO.  Varifnon, ibid.  1716,  p.  107,  II.  10.  F  .rs^  ll.  Diaaertatio Phfsics 
de  Baro metro,  4to,  Upaal,  1  747.  Srheuch^er,  Ph.  Tr.  \xxv.  r/M .  577.  De  Luc,  mir 
lee  ModificatiofUidel'Atmuh'i'ljcrc,  I 2.  bhackbargh,Ob^ervaUonti  made  to  ascertaia 
the  Heights  of  Mountains  by  the  B  irometcr,  Ph.  Tr.  1777,  p.  513;  1778,  p.  681. 
Roy,  ibid.  1777,  p.  .'>13.  Playfair.  Ed.  Tr.  i.  87.  Dalton,  Manch.  Mem.  v.  Afsier 
FMiieat,  Nouveau  Traitc  dt-s  Baromeires,  1802.  Lindenau,  Tables  Baroaii:triqu««, 
4to,  Gotha,  1809.  Biot.  do.  1811.  Ramond,  lur  la  Pormale  Barom^trique  de  k 
M^nique  C^este,  4to,  1811.  Wincklcr,  Table!^  Hnron  ctriqucs,  4to,  Iliille, 
1820  and  1826.  Carlini's  do.  MiUn,  1823.  DuviUard  s  do.  Paris,  1626.  Olt. 
muuL'9  ao.  Stnttf.  18S0.  GsMtb's  do.  BAib.  18SS. 

*  Phil.  Trans.  1762,  p.  640 ;  1764,  p.  261.  See  also  Perkiiu,  Ph.  Tr.  1826,  p. 
S6I  $  snd  (Ented's  Report  of  ths  Britidi  Assodadoa  Ibr  1833  s  Trans,  of  SsotioDS, 
p.3S3. 


P 


Digitized  by  Go  -^v^i'- 


4 


210 


LECTURE  XXIII. 


ON  TRB  THBO&T  OF  HTDRAULIC& 

Hatiko  oonaidered  the  principal  cases  of  the  equillbriiim  of  fluids  both 
Hqjaid  and  aerifonii^  we  piooeedl  to  enmintne  flie  Iheeiy  their  motioiMb 
Hotwithrtandfay  the  difficwltiee  attendiqg  the  mrthematiiml  theoiy  «f 
hjrdnniUaeb  eo  orach  hee  elready  been  danc^  by  the  •■eietiwee  of  practietl 
fnTeetigationsy  that  wo  may  in  genenJt  by  oomparing  the  resulta  of  fbxmw 
experiments  with  our  calculations,  predict  the  effect  of  any  proposed 
arranf^cinent,  without  an  error  of  more  than  one  fiftli,  or  ]>*  rliups  one  tentli 
of  the  whole  :  and  thia  is  a  degree  of  accuracy  fully  sullici  iit  for  practice, 
and  which  indeed  could  scarcely  have  bccu  expected  from  the  btale  of  the 
edenoe  at  the  btgiimiiig  of  the  loefc  century.  Many  of  theie  impwremente 
httvo  ben  derived  from  an  eTominiifcton  of  the  natmo  and  magnitude  of 
the  frktidu  of  fliiidi»  iriiidi»  although  at  fini  eS^t  it  mlg^t  be  euppoeed  to 
be  TOiy  inoonBidenble,  is  found  to  be  of  eo  much  impoxtance  in  the  appli- 
oaiion  of  the  theoiy  of  hydraulics  to  practical  cases,  and  to  a£fect  the 
modes  of  calculation  so  materiaUy^ibat  H  wiU  xeqnire  to  be  discuseedy  here- 
after, in  a  Rpparate  lecture. 

There  is  a  gentral  principle  of  mechanical  action,  which  was  first 
distinctly  stated  hy  Huygens,*  and  which  has  been  made  by  Daniel 
Bernoulli  t  the  basis  of  his  moot  elegant  cadcolatiooa  in  hydrodyoamica. 
Soppoeing  that  no  fvroe  la  loei  hi  the  oommunieatioa  of  motion  botween 
diileient  bodies,  considered  aa  belongiiig  to  any  ^yitem,  tbqralwaya  aeqniie 
each  Telodties  in  descending  through  any  apace^  that  the  centre  of  gravity 
of  the  system  is  capable  of  asoending  to  a  height  equal  to  that  from  which 
it  dewjended,  notwithstanding  any  mutual  actions  between  the  bodies.  The 
truth  of  this  principle  may  easily  inferred  from  the  laws  of  collision, 
compared  with  the  properties  (»f  ac  celerating  and  retarding  forces.  Thus, 
if  an  elastic  ball,  weighing  10  ounceM,  and  descending  from  a  height  of  1 
foot,  be  caused  to  act  in  any  manner  on  a  similar  ball  of  one  oum^  ao  as 
to  kae  the  whole  of  its  motion,  the  amaUer  ball  will  aoqviie  *  veloeity 
oapahle  of  eanying  it  to  the  hei^  of  10  feet  It  i«  true  that  acme  other 
aappoeitioos  must  be  made^  in  app]|ying  this  law  to  the  deteimination  of 
tlie  motions  of  fluids,  and  that  in  many  cases  it  beeomes  necessary  to  aup* 
pose  that  a  certain  portion  of  asoending  force  or  energy  Is  lost  in  coimo- 
quencc  of  the  internal  motions  of  the  particles  of  the  flnirl.  T^ut  still,  with 
proper  restrictions  and  corrections,  the  principle  attords  us  a  ready  metliod 
of  obtaining  solutions  of  pruLlcms,  which,  without  some  such  assistancey 
it  would  be  almost  impossible  to  investigate.  The  principU  hypotheeii 
which  is  assumed  by  BemoolU^  without  either  demonstration,  or  even  the 
appeaianee  of  perfect  accuiw^y  isthifl,  Oiat  aU  the  pavtidea  of  a  ^iiid  In 

*  Horologiuin  Oscillatoriam,  Pan  4,  Uypoth.  I. 
t  Hjpdtodfnsniice,  4te,  Sitssb.  1738. 
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motH>Q,  contained  in  any  om  transverse  wx'Uuu  uf  the  vesselB  or  pipes 
UmM^  nUdi  U  nB%  mml  always  mov«  with  equal  rebcities ;  thui^  if 
trater  be  ituwiiiiUng  ftwmghaTwwlof  aajfcwB»  either  regular  or  ine- 
gwhi^lM  iappoiesthaptgtfdetai  tlie  latiifl  hiiglii  to  move  with  ib^  mum 
Yiloeitj;  so  that  the  velocity  of  ofeey  partLele  in  ereiy  part  of  %  ojrlinilrfam! 
Tcescl  10  inehes  in  diameter,  throng^h  which  a  finid  is  moving,  must  be  one 
hundredth  part  as  great  as  in  passing  through  a  circular  orifice,  an  inch  in 
diameter,  made  in  it*»  Hnttom.  It  is  evident  that  th\H  cannot  possibly  he 
true  of  the  portions  of  the  tlaid  nearest  i\\v  hottaiu  of  the  vessel,  Hince  the 
particles  most  disi^inL  from  the  orifice  must  1*^  nearly  at  rest,  while  those 
which  are  immediately  over  ihe  orihce  are  in  rapid  motion ;  but  still  tXm 
oalcBkttoiio  firaoM  on  the  hypotMb  agveo  tolffably  wdl  with  expcri- 
Mito.  la  thfaoMoiho  ootooi  dBOCMt»  in  ny  imtant^  may  ho  eitiiMlod 
Igrtfaeitmondof  the  ifaaiitlly  ^Utcluigoci,  ftom  Hio  n^iMe  of  thofinidto 
^  orifice,  since  the  intermediate  space  remains  always  occupied.  The 
MOWiding  force  thai  obtained  is  to  be  distributed  througfaont  the  fluid, 
ftceording  to  the  respective  velocities  of  its  different  portions  ;  and  it  m&y 
easily  1^  shown,  that  wlieii  the  orifice  is  small,  the  part  which  l>eloTit««  to 
the  fluid  in  the  vessel  is  wholly  inconsiderable  in  comparison  with  the 
ascending  force  required  for  the  escape  of  the  small  portion  which  is  flow- 
ing through  the  orifice,  and  the  whole  ascending  force  may,  therefor^  be 
Mppoaed  to  be  employed  in  tho  motion  of  tUo  portion ;  to  that  it  wffl 
aeqaiiathofdocity  of  abody  Idling  ftom  tho  whole  of  thoraifMO 
of  tho  noOTTOir,  or  tho  nilooily  doo  to  that  lioight  It  appoom,  abo^  that 
wmj  noady  tho  nmo  volocity  is  aoqnired  by  almoot  the  first  particles  that 
escape  from  the  orifice,  so  that  no  snaiUo  time  ebpooi  bofoco  tho  jot  flows 

with  its  utmost  velocity. 

This  velocity  may  lio  found,  as  we  have  already  seen,  by  multiplying 
the  square  root  of  the  litiglit  of  the  reserv  oir,  exprtboed  in  feet,  by  8,  or 
move  correctly,  by  8^ ;  thus,  if  the  height  be  4  feet,  the  velocity  will  be 
riadaen  fwt  in  a  oeoond ;  if  the  iieight  be  9  feet,  the  velocity  wUl  be  24^ 
thooqnamof  8and0boing4and9;  and  if  tho  hoiglii  won  U  fcot,the 
wdoekty  would  bo  dO  feet  in  a  iooond,  and  a  oiionhr  orifioe  on  Inoh  bt 
AUanm^  would  diidiarge  exactly  an  ale  galhm  in  a  eeoond.  In  the  same 
matta«r,the  pnamio  of  the  atmosphere  being  equal  to  that  which  would  be 
produced  hy  a  column  of  air  of  uniform  density  28,000  feet  hich,  the  aii 
would  rush  into  a  vacuum  with  a  velocity  of  more  than  laou  feet  in  a 

Tbie  velocity  is  also  equal,  wliatever  may  he  the  direction  of  the  stream  ; 
for  since  the  pressure  of  fluids  acts  equally  in  all  directions  at  equal  depths,  ^ 
tho  oaose  being  tho  mnti,  tho  effect  mnut  also  be  tho  same.  And  if  the 
notion  bo  oooadonod  by  a  pioMuro  doiivod  limn  a  Hmoo  of  any  otiior  kind, 
ihtoAotmy  bofonndby  oolonlatingthohelglit  of  a  oolnmn  of  tho  fluid, 
which  would  be  capable  of  pcodndiig  an  oqnal  pressure.  When  also  the 
Ibrce  arises  from  the  diflvonoe  of  two  pi—nw^  the  velocity  may  be  deter- 
mined in  a  similar  manner.  Thus,  the  pressure  of  a  column  of  water  1  foot 
in  heijrht,  would  force  the  air  through  a  small  orifice  with  a  velocity  of  2:M) 
feet  in  a  eeoond,  corresponding  to  the  height  of  830  feet ;  a  cohinm  of  mer- 
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cary  1  indi  high,  would  produce  the  same  eflfeet  at  a  iwwToir  of  water 
awn  tfun  {hirlMii  ttsiM  as  high,  and  tha  foree  cf  tlM  air  aonfiMd  in  • 
dofled  bctOe  vndar  fha  iceaivir  of  tha  air  pamp»  will  oanaa  a  jet  to  viia  ta 
tlia  iama  height  aa  a  ooIiiiiiil  of  maroory  wUdi  iiMaaiir«a  tiia  cttflwenoa  of 
fha  akfltidtiea  of  the  air  in  tbo  IwiUa  and  in  the  receiver. 

But  these  calculations  are  only  confirmed  by  experiment  in  cases  when 
the  ajutage  through  which  the  fluid  nirt'^  is  particularly  oonBtnicted  ;  that 
is,  when  it  is  formed  by  a  short  tuln?,  of  which  the  sides  arc  so  curved  that 
the  particles  of  the  fluid  maj^  glide  along  them  for  some  distance,  and  es- 
cape in  a  direction  parallel  to  the  axis  of  the  stream.  A  short  cylindrical 
pipe  ia  found  to  anawer  this  purpose  in  aome  maamn ;  lint  tba  and  may  ba 
mora  oompletelj  obtained  bj  a  tube  nearly  oonioa], but  witli  ite  eideaa 
little  oonTaz  inwards,  eo  aa  to  indtale  the  diape  wbich  a  team  or  vein  of 
water  spontaneously  tueomes  when  it  runs  throngil  an  otifioe  in  a  tfiin 
plate  :  for  in  such  caaCB  the  stream  contracts  itself,  after  it  has  passed  the 
orifice,  for  the  distance  of  al  oiit  half  its  diameter,  so  that  at  this  point  its 
thickness  is  only  four  fifths  us  L^'^rr  at  as  at  its  passage  ;  and  the  qiKuitity 
dischai^ed  is  <Mily  five  eigiiLhs  us  great  as  that  which  the  wli  olc  orifice 
would  furnish,  according  to  the  preceding  caicuiatiou  :  iuntead,  tlierefore, 
of  multiplying  the  square  root  of  the  height  by  8,  we  may  employ  the 
nnaltipliar  6  for  detannining  tiia  aotoal  diaebaige.  Bat  the  Tdoeityv  wbara 
tbB  atram  ia  moat  oontraGted»  la  only  one  thirtieth  leoi  than  that  frtiioh  ia 
due  to  the  whole  height ;  and  ^«n  the  jet  is  discharged  in  a  direction 
nearly  paipandioolary  itiiaea  almoat  aa  high  aa  the  sorfiMe  of  the  fluid  in 
the  reservoir. 

This  contraction  of  the  stream,  and  the  conseqiient  diminutioTi  of  the 
discharge,  is  unquestionably  owing  to  the  interference  of  the  particles  of  the 
fluid  coming  from  the  parts  on  each  side  of  tlie  orifice,  with,  those  which 
are  moving  directly  towards  it ;  and  the  effect  is  more  perceptible  when 
.  the  orifioe  ia  made  by  a  pipe  projecting  within  flie  reeerroir^  ao  tiiat  aona 
of  the  paitklia^pioaelking  it  must  acquire  in  their  patii  a  motion  oontraiy 
tothatof  theetteam.  It  would  ba  possible  to  obtain  aa  approximate  cal> 
eulation  of  the  magnitude  d  this  contraction,  from  the  eqnilibrfaim  whieh 
must  subsist  between  the  centrifugal  forces  of  the  particles,  as  they  pass 
out  of  the  orifice,  describing  various  curves,  accordin^^  to  their  vaTtoi?'? 
situations,  and  the  pressure  required  for  the  contraction  of  the  internal 
partd  of  the  stream,  wiiich  obliges  the  particles  to  move  more  rapidly  aa 
they  proceed,  and  wliicii  must  be  proportional  to  the  height  required  for 
prododng  this  aoodeimiion.  (Plate  XX.  Fig.  2U.) 

When  a  diott  cylindrical  tuba  is  added  to  the  orUiM^  it  la  probaUa  that 
the  motion  of  the  fluid  within  the  tube  ia  stitt  in  aoma  maaaufo  similar : 
but  the  Ttmd  must  now  be  suppoeed  to  be  prolonged,  and  to  have  a  new 
orifice  at  the  end  of  the  tube,  at  wliich  the  particles  cannot  arrive  by  any 
lateral  morons,  and  which  will,  therefore,  not  he  liable  to  a  se^'ond  con- 
traction :  the  diacliarge  may,  therefore,  be  estimated  nearly  accordiiiLj  to 
the  true  measure  of  this  orifice  ;  the  original  pressure  of  the  fluid  continuing 
to  act  until  the  stream  escapes. 

ISia  eiiMt  of  a  short  pipe  in  inereasing  the  discbsrge^  ceaaea  when  the 
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water  separates  from  its  sidef,  f^o  that  it  is  no  lonsrer  filled  hy  the  stream  : 
since  there  is  then  nothing  to  distiuguish  its  laotion  from  tiiat  of  a  stream 
paaalng  through  a  simple  orifice  :  bat  the  increase  is  not  owing  merely  to 
ik0  coImiIoii  of  Hm  wator  to  Ihe  dim  of  the  pipe ;  for  the  effect,  as  I  hsvo 
Imd  bj«speriiiMiit»isiMtfl7tho  mbo  in  the  motion  of  afar  oa  in  thai  of 
watar.  Tho  contraction  oamed  by  the  motion  of  tlie  wattr  at  the  entrance 
of  tbo  short  pipe,  may  be  oonmdeied  simply  aa  a  contraction  in  tlw  plpa 
ilHi^  and  ib»  subseqnent  part  of  the  pipe  eitlier  as  cylindrical  or  as  nearly 
coTiica?  r  for  in  ihi?*  cnm  it  follows,  from  the  general  Iftw  on  which  Ber- 
noulli's calriilatiuiis  ;ir*'  fmirtflH,  that  m  lorif^  t\n  the  tiuiti  remains  in  one 
mass,  the  liihcliarge  will  he  nearly)  tlie  same,  aa  if  the  mouth  of  the  pipe 
were  the  only  orifice,  supposing  that  no  force  in  lost :  and  the  exceptions 
which  BenuyalK  has  made  to  tlic  general  appUcatian  of  the  principle  in 
aacb  caae%  although  partly  supported  by  experimenti^  hata  bean  extended 
eeoMwhat  fiurtlier,  both  by  himself  and  by  other  authors,  than  those  ex- 
periments hare  warranted.  In  the  case  of  a  diToging  conical  pipe,  or  of  a 
pipe  with  a  conical  t^nination,  the  discharge  is  found  to  be  considerably 
greater  than  that  which  a  cylindrical  pipe  would  produce,  hut  not  quite  so 
great  as  would  be  pirodnced  on  the  anppoaition  that  no  force  is  lost.  (Plate 
XX.  Fijr.  256.) 

This  nnalop:y  between  the  effect*  of  a  cylindrical  and  conical  pipe  U 
strongly  supported  by  tlie  experiments  of  Veuturi,*  compared  with  those 

af  BanuniUi.  Benwrili  found  that  when  a  email  tnba  waa  iaeerted  into 
any  part  of  a  eenlcal  pipe,  in  wbieh  the  water  waa  flowing  towards  the 
wider  end,  not  only  none  of  tlia  water  eeeaped  thrmm^  the  tnbe^  bnt  the 

water  of  a  vessel,  placed  at  a  ooniiderable  distance  below,  was  drawn  up  by 
it  ;t  Venturi  observed  the  same,  wlienthe  tuhe  wasinaerted  into  the  side 
of  a  cylindrical  pipe,  near  to  its  origin  ;  and  in  both  cas^*?  air  was  absorbed, 
as  well  as  water,  so  that  cohesion  could  not  he  in  any  maimer  concerned.  J 
But  Lht;  preHwnre  of  the  atmosphere  is  generally  necessary  for  all  effects  of 
thiii  kind,  and  both  VeuturiJ  and  Dr.  Matthew  ¥uuug§  have  observed, 
that  a  short  pipe  has  no  effect,  in  increasing  the  discharge  through  an 
aiifio^  in  the  vaonum  of  an  air  pomp :  bnt  even  if  the  difl^renoe  wen 
aeinaliniaa  fonnd  to  eoait  in  tlie  abaenca  itf  aftmoepherioal  proesore,  it  mil^l 
ba  piodaoed  by  an  acoidantal  oohealMi,  like  that  whidi  eomelinieB  canaes  a 
column  of  mercttiy  to  mnain  an^endad  in  eimihr  oireiuiiatanoee*  (Flala 
XX.  Fig.  257.) 

Tlie  effect  of  ajdtace''  of  diflRerent  l<in<l«»,  on  the  quantity  of  water  dis- 
charged through  an  orifice  of  a  given  maj^nit  ude,  may  l>e  most  conveniently 
exhibited  by  placing  them  side  by  i^\di  at  tlie  same  height  in  a  reservoir, 
and  suiiermg  the  water  to  begin  to  flow  at  I  lie  same  moment  through  any 
two  of  tliem ;  tlie  qnantitiaa  diaohaiged  in  a  given  time  will  then  obviously 
indicate  tlie  re^eetlTO  Tidodtiea.  If  a  very  loqg  pipe  were  employed,  soma 
tima  would  lie  leqoired  before  the  veloeity  became  nnilonn ;  Iwt  in  ench 

*  Snr  la  CommuQication  Lat^rale  da  Monvement  dam  lea  Flnides,  Par.  1797* 
t  Hydrodyn  n.  47.   See  D'Alembert,  Trsiti  dee  Fhudes,  Art.  149. 
X  Exp.  2  and  7. 

I  TmMstkms  of  the  Boyal  iriih  Academy,  it.  81  (  via.  63. 
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OMS  tiie  ntevdation  arising  from  frictioii  is  bo  considerable  ae  to  canee  a 
alill  greater  deviatfon  from  Uie  qnandfy  whidi  wwdd  be  diaeharged  by  a 
ehorler  pipe  in  the  aaxne  time, 

Wheiutlie  apeitniethroiigli  which  » told  ie  diaofaarged,  loilead  of  heSaag 
every  way  of  inconsiderable  magnitndl^  is  continued  throughout  the  heig-ht 
of  the  vessel,  and  is  every  where  of  equal  breath,  the  velocity  mast 
l>e  materially'  different  nt  different  parts  of  its  height ;  but  we  rnHv  find  the 
quantity  of  the  discharge,  by  supposing  the  whole  velof  ity  e<]ual  to  two 
thirds  of  the  velocity  at  the  lowe.st  point.  Ami  we  may  find  the  quantity 
discharge  by  an  orifice  not  continued  to  the  surface,  but  still  of  consider* 
aUa  hei^i,  by  subtracting  from  the  whole  diachaige  of  an  oii&a  ao 
eontinned,  that  whidi  wonid  hava  been  produead  by  each  a  portion  of  it» 
as  mnst  lie  shut  np  in  order  to  fimn  the  orifiee  aotnaUy  eodsting.  But  in 
this  case,  the  result  will  seldom  diflar  materially  fnm  that  which  is  found 
by  considering  the  pressure  on  Che  whole  orifice^  as  derived  from  tha  lioi|^ 
of  the  fluid  above  its  centre. 

When  a  cylindrical  vessel  empties  itself  by  a  minute  orifice,  the  velocity 
of  the  surface,  which  is  always  in  the  same  proportion  to  the  veli>city  of 
the  fluid  in  the  orifice,  is,  therefore,  uniformly  retarded  and  follows  in  its 
descent  tlie  same  law  as  a  heavy  body  projected  upwards^  in  its  ascent ; 
consequently  the  space  actually  described,  in  the  whole  time  cf  deaoen^  ia 
equal  to  half  of  that  which  would  haye  beendeseribed^  if  flie  initial  m««i«i 
had  bean  uniformly  oontinuad ;  and  in  the  Uma  that  sneh  a  veasel  oeeupiaa 
in  emptying  itself,  twice  the  quantity  of  Che  iluid  would  be  discharged  if  it 
were  kept  full  by  a  new  supply.  This  may  be  easily  ahown,  by  filling  twa 
cylindrical  vessels,  having  equal  orifices  in  their  bottoms,  and  while  the  one 
is  left  to  empty  itself,  pouring  into  the  other  the  contents  of  two  other  eqxm] 
ves-sels  in  succession,  so  as  to  keep  it  constantly  full ;  for  it  will  be  eeen 
that  both  operations  will  terminate  at  the  same  instant. 

A  similar  law  may  be  applied  to  the  filling  of  a  lock  from  a  reservoir  of 
constant  height ;  for  in  all  snch  cases^  twice  aa  kng  a  tima  ia  veqniiad  ftr 
the  effect,  as  would  be  neeessaiy  if  the  initial  velodty  were  ooathraad.  Tha 
immersion  of  tha  orifice  in  a  large  ressrroir  has  bsan  found  to  malm  no 
diflferenca  in  tiha  magnitude  of  discharge,  so  that  the  pressure  may 
always  be  fstimated  hy  the  differenee  of  tlie  levels  of  the  two  surfaces. 
Thus,  when  a  number  of  rescr\'oirs  communicate  with  each  other  by  ori- 
fices of  any  dimensions,  th?  velocity  of  the  fluid  flowing  thri»\i-]i  each 
orifice  lieing  inversely  as  the  magnitu<le  of  the  orifice,  and  l>eing  {»roduced 
by  the  difl^erence  of  the  heights  of  the  tin  id  in  the  contiguous  reservoirs,  this 
difference  mubt  l>e  every  where  as  the  square  of  the  conoijMnding  velocity. 
But  if  the  reservoixs  were  small,  and  tha  orificea  opposita  and  near  tn  aach 
cthfir,  a  much  smaller  difference  in  tha  heights  of  tha  aurfroea  would  ba 
sufficient  for  pniducmg  the  required  velodty.  The  same  cireumstanaea 
must  be  considered,  in  determining  the  velocity  of  a  fluid  forced  through  a 
vessel  divided  by  several  partitions,  with  an  orifice  in  each ;  if  the  orifices 
are  small  in  prt>portio!i  to  their  distance  from  e:tf  h  other,  and  if  they  are 
turneH  in  different  directions,  each  orifice  will  retjuire  an  additional  pres- 
sure, equivalent  to  the  whole  velocity  produced  in  it :  but  if  the  ^rtitioos 
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oomff  m  anall  pwt  only  of  the  yemd,  and  are  placed  near  to  each  other, 
ti^  wtM^iiHMi  wfll  be  awMh  to  coBrfd»lJfc  Gbeia  of  tUf  kind  ooev 
rwry  fgtqxuatky  m  the  ptaMge  of  water  ihroigh  the  pipee  and  Ttlvea  of 
paaa^^  and  k  1%  theitgpie,  ef  ceneegiwaee  to  woid  all  imnefiieweiy  «qpaa- 
tiwie,  M  well  contnwtioBB,  in  pipes  and  in  canak,  unce  there  is  always 
a  useless*  expenae  of  feieo  in  xeitoriiig  the  Telool^  wkioh  ia  ket  ia  th*. 

wider  ]>;irU. 

Wiitn  a  siphon  or  bent  tube  is  filled  with  a  fluid,  and  its  extremities  are 
immersed  in  tiuids  of  the  same  kind  conUined  in  difftu  nt  vessels,  if  boUi 
their  surfiaoee  are  on  the  same  level,  the  whole  remains  at  rest ;  but  if 
ottMrwiM^  the  longer  eoliimi  in  the  siphon  prepooderatM^  and  th«  pmma 
of  the  ajmoepheae  toea  up  the  floid  from  the  higher  Twel,  nntil  the  egni- 
libifiim  ia  mtond  s  pcoiidfidy  hefwmr,  that  ttda  jpmmf  ba  iwfide»ti|y 
powerful :  for  if  the  hdjgbt  of  the  tube  ncre  noie  tliaa  84  feat  fiat  walM^ 
or  than  dO  inches  for  mercury,  ih^  pressure  of  the  atmosphere  ivoold  be 
incapable  of  forcing  up  the  fluid  to  its  hi?hef«t  part,  and  this  part  remaining 
empty,  the  fluid  coti1*I  ho  lonp-er  continue  to  run.   (Plato  XX.  Pis'. 

If  the  lower  vef-sd  In.-  alluvsfd  to  empty  itself,  the  hiphoa  will  continne 
ruiuuug  as  long  as  it  is  supplied  from  the  upper,  with  a  velocity  nearly 
ooneepoiMUng  to  the  beig^  of  that  portion  of  the  floid  in  the  longer  leg, 
wbicb  ia  not  eoantafaakiioed  by  the  flnid  iatlw  diortar:  thaii%totba 
ha^ght  ef  the  auftee  of  the  upper  wal  above  thai  of  the  bwv  one^  er 
above  the  end  of  the  i^i^Mii*  when  it  is  no  longer  iminerMd ;  for  the  height 
of  the  pipe  is  in  aU  caeea  to  be  considered  as  constituting  a  part  of  that 
height  which  produces  the  preemire.  Thus  the  discharge  of  a  pipe,  dracend- 
ing  from  the  side  or  bottom  of  a  vessel,  is  nearly  the  mmf  an  from  a  similar 
horis^ontal  pipe.  Inserted  into  a  reservoir  of  the  whole  height  of  the  liescend- 
ing  pipe  and  of  the  fluid  above  it :  and  this  is  true  even  when  the  depth  of 
the  vessel  is  inconsiderable  in  cuiiiparison  with  the  length  of  the  pipe,  if  its 
o^Muaty  ia  asfteleiit  la  keep  the  pipe  running  full.  It  appean  ll  Ibet  sight 
extuBely  paradosioal,  that  the  wbak  water  diacharged,  each  particle  of 
«Aieb  is  anbjaetod  ta  the  aetfoiL  of  gisfHatioii  in  a  pipe  16  M  kqg,  ftr 
half  aieoond  only^dienld  aeqndnthaTdoeifyof  ttfiBatinaaeeeod^wbidi 
ftaold  require,  in  common  *■ — —-In — r  tba  aotioii  of  the  same  fovea  of 
ijrnvitfttion  for  a  whole  R*»rond,  nnd  this  fact  may  be  considered  as  favotir- 
able  to  tJie  <)])inion  of  those  \s  hn  wish  to  eHtimat*  the  mai^iitinle  of  a  force, 
rather  by  tlu  sjmce  through  which  it  i.«  r«iiitiiiiied,  tlian  1>\  tlu-  tiiuf  during 
which  it  acts ;  but  if  we  attend  to  the  nature  of  by  (iron  tali  cai  pifssurc,  we 
eball  And  that  the  effect  of  the  column  on  the  atmosphere  b  such  as  to  pro- 
daee,  or  to  develope,  a  portion  of  aooelenting  foroe  which  ia  aotnally 
giattai-  than  tha  iraiglil  of  the  partidea  iwmedialely  eonoamed>  Ifndovbi 
ooaU  baentwioinad  of  the  truth  of  thia  theory,  it  ni^t  be  eaailjr  lamored 
by  recurring  to  the  general  law  of  ascending  fynt,  rinoe  it  foDows  from 
that  law,  that  each  particle,  which  descends  in  any  manner  through  the 
space  of  1(5  feet,  mitflt  acfjuire,  cither  for  itself  or  for  some  other  particles, 
a  power  of  a»cen(hng  to  the  sanu  lu  iu'ht  ;  and  on  the  otiior  hnml,  the  event 
of  the  experiment  confirms  the  pnu  r.tl  law.  For  if  wr  fix  a  ^lialiuw  funnel 
on  a  vertical  pipe,  and  pour  water  into  it,  &o  as  to  keep  it.  constantly  full. 
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while  the  pipe  <tttdiarge«  Itstlf  into  a  zeMrroir  oot  of  wMoh  water  rant 
tluNNigliA  Neond  pipi^  plaeed  iMnivontally,  of  eacaiotly  the  mmt  <liwoiwi«iae 
witii  Hm  fint^  tiie  h^ghi  irilieh  tiie  water  in  the  resorrob  becomM 
wtetioneiy,  will  be  rery  ae&rly  equal  to  the  hdg^  of  the  funnel  abore  iti 
imrface,  so  that  the  same  hrij^  piodaoM  the  mmb  Ttdoet^  in  both  omml 
(Plate  XX.  Fitr.  SA!).) 

W  (■  may  uiniirstand  the  action  of  the  forces  immediately  concerued  in 
this  experiment)  hy  atteudiiig  to  the  mutual  effects  of  the  water  and  of  the 
atmoephere.  The  water  enterix^  the  orifice  must  immediately  acquire  • 
vdoeity  equal  to  that  of  the  whok  water  in  the  pipe,  otherwiae  them  would 
be  a  Taoanm  in  the  upper  part  of  the  pipc^  whieh  the  pramne  of  Oe  at> 
mo^here  will  not  permit ;  and  thia  preaaare,  eonaidered  aa  a  hydnelatie 
force,  ia  equal  to  that  which  would  be  derived  in  any  other  way  from  n 
column  of  the  same  height  with  the  pipe,  since  the  weight  of  the  wat<>r  in 
the  pipe  is  wholly  employed  in  diminishincr  the  r<n!ntprprfsc\]rp  of  the 
atmosphere  below,  not  only  in  ihv  bi  LMoniug,  when  it  is  at  rt»t,  but  nho 
while  it  is  in  motion  ;  for  Uiai  motion  being  uniform  Uiroughout  its  descent, 
the  power  of  gravitation  is  expended  in  producing  pressure  only  :  so  that 
the  paeaania  of  the  atmoephere  on  the  water  in  the  fannd  beeemea  eom- 
pletdy  analqgooa  to  the  preaaore  of  a  leMrvdr  of  water,  of  the  aaaae  haislit 
with  the  pipe.  Tlie  ohmtmatance  which  cauaee  the  appearance  of  paiadoK 
in  this  experiment,  exists  also  in  the  simplest  case  of  the  diachaiige  of 
water  ;  for  it  may  be  shown  that  the  portion  of  accelerating  force  actually 
employed  in  s'onernting  the  velocity  with  whicli  a  stream  is  discharged 
through  a  smiiU  orihce,  is  twice  as  great  as  [he  pressure  of  the  fluid  on  a 
part  of  the  vessel  e(jual  in  extent  to  the  orifice  ;  and  in  the  same  manner  the 
quantity  of  force  exerted  by  tlie  atmosphere  on  the  water  iu  the  funnel,  as 
weUaa  thai  with  which  the  deaoending  fluid  fanpda  the  bdew,  ia  ef«a 
to  twioa  the  weight  of  the  quantity  esieting  at  any  tine  in  the  pipe* 

Then  ia,  however,  a  lbnit»  wliSdi  the  naan  veMty  fai  endi  a  pipe  eaa 
never  exceed,  end  which  is  derived  fimn  the  magnitude  of  the  preaaam  of 
the  atmosphere.  For  the  water  cannot  enter  the  pipe  with  a  greater 
velocity  than  that  with  which  it  would  enter  an  cxhati^ted  pipe,  and  which 
is  produced  by  the  whole  iire^^snre  of  the  atmo^phrre  ;  and  this  pressure 
being  equivalent  to  that  of  it  t  nhmin  i>f  wuUi  iH  iett  liigh,  the  velocity  de- 
rived from  it  is  about  47  feet  iu  a  second  ;  so  that  if  the  vertical  pipe  were 
nune  than  di  feet  long,  there  would  be  a  vaouum  in  a  part  of  it  near  the 
funnel. 

Wherever  a  pipe  of  oeneidetable  length  deaaande  liroin  a  tanel,  if  the 

anpply  of  the  fluid  be  aoanty,  and  especially  if  it  approach  the  orifice  ob- 
liquely, the  pressure  of  the  anuN|ihen^  and  the  centrifugal  force  of  the 

particles  which  must  necessarily  revolve  round  the  orifice,  will  unit€  in 
prorluriu^r  a  vacuity  in  the  centre}  and  when  this  happens,  the  diachaKge 
is  Ciiin?Kleralily  <li uuiiisht-d. 

In  order  tiiat  a  siplion  may  run,  it  is  obvious  that  it  must  first  be  filled  ; 
end  when  it  ia  once  filled,  it  will  continue  to  run  till  the  reservoir  is 
rrbanatedi  ae  far  aa  the  level  of  its  upper  orifice.  And  from  tJus  dr^ 
cnmetanws  the  phenomena  of  aome  intemiltiqg  apriaga  have  iMan  ex- 
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plained,*  which  only  begia  to  ruii  when  the  reservuini  fwm  which  they 
originate  have  bem  fiUed  by  wntiiuied  xftins,  and  Um  go  on  lo  exhaust 
Itaii,  etwi  tibflvgli  ths  WMAer  Biaj  be  diy.  From  *  eombiBttton  of 
amranl  inch  dphon  and  nmmmca,  a  gntft  nnmbcr  «f  aUematioai  maj 

sometimes  be  ]>rodao6dL   (Plato  XX.  Fig.  200.) 

Since  the  velooity  of  a  stream  or  Jet  issuing  in  any  direction,  out  of  a 
sim])le  orifice  or  a  conrerginc;  one,  is  nearly  e^iiml  to  that  of  a  heavy  body 
falling  from  the  ltpi?ht  of  the  reservoir,  it  will  rii*e,  if  directed  upwards, 
very  nearly  to  the  same  heiglit,  excepting  a  slight  difference  occasioned  by 
the  resistance  of  the  air,  and  by  the  force  which  is  lost  in  producing  tlw  ve- 
lodty  with  which  the  particles  must  esci^  laterally,  before  they  begin  to 
Maotmd.  Tba  tentii  of  tUa  oandiiiioo  ia  aadly  aootoMd  by  expeiiaiaBt, 
(Flato  XX.  Fig.  261.) 

If  a  jet  ime  in  an  oblique  or  in  a  horiaontol  dinetfon^  Iti  farm  wiU  be 
pafaboUfl^  unec  every  parttele  tends,  as  a  separate  projectile,  to  describe  the 
same  parabola  in  its  range :  and  it  may  be  demonstrated,  tliat  if  it  be 
emitted  liorij^ontRlly  from  any  ]mri  of  the  side  of  a  vessel,  ^tantling  on  a 
horizontal  plane,  and  a  circle  be  «i(>rribed,  liaving  the  whole  height  of  the 
fluid  for  its  diameter,  the  jet  will  re&i^h  the  plane,  at  a  dititance  from  the 
vessel  twice  as  great  as  Hiq  distance  of  that  point  of  the  cird^  through 
nUoh  it  would  hate  pand.  If  It  had  eentiniied  to  nove  horiamitaUy. 
And  if  the  jet  rise  in  anjaa^  ftem  tka  bottom  of  the  Teawl,  the  utmoat 
hai^ef  ita  aeoent  will  be  equal  to  that  ^  tiia  point  in  vdiieh  it  would  meet 
the  nnie  eonicircle,  if  it  continued  to  moTe  in  a  right  line,  and  the  hori- 
aontal  range  will  be  equal  to  fmir  times  the  distance,  intercepted  between 
the  «anie  point  and  the  ude  of  the  vessel.  This  law  is  equally  true  with 
regard  to  simple  projectiles  :  but  the  experiment  is  most  oonvenientlj  ex- 
hibitetl  in  the  motion  of  a  jet.    (Plate  XX.  Fig.  202.) 

We  imve  hitherto  conbidered  the  motiouH  of  fluids  as  continued  princi- 
pally in  the  aaam  dinetloa  ;  but  they  an  frequently  subjected  to  attemationa 
ef  metia&y  which  bear  a  eooademhle  anaiogj  to  the  vibntione  of  pendn- 
Inma ;  thne^  if  a  long  tnbe  be  Imamieed  in  a  llnid,  In  a  rertieal  dinolieiiy 
and  the  eodkoe  of  the  fluid  within  the  tube  be  elevated  a  rtof  litt2e»  by 
mme  external  cause,  the  whole  oontenta  of  the  fluid  will  be  niged  down* 
wards  by  a  force  wliicli  decreases  in  proportion  to  the  elevation  of  the 
surface  above  ihe  general  level  of  the  vessel,  and  when  hvih  ?nrfrtcc<«  have 
acquired  the  tjaine  level,  the  motion  wiii  be  continued  by  the  ineriiii  of  the 
particles  of  tlie  liuid,  until  it  be  destroyed  by  the  diffierence  of  pressures, 
wliicb  now  tends  to  retard  it ;  and  thie  alternation  will  oontinae  nntil  the 
motion  be  deetroyed  by  Motion  and  by  other  meietaneee.  It  ia  aleo  obmi^ 
that  ebee  any  two  vlbnlioBe  in  wUeh  the  feieee  are  properttonel  to  the 
spaces  to  be  described,  are  performed  in  equal  times,  these  altemationa 
will  require  exactly  the  same  time  for  their  completion,  as  the  vibrationa 
of  a  pendulum  of  which  the  length  is  equal  to  tliat  of  the  whole  tube  ;  for 
the  telatiire  forae  in  the  tube  is  to  tiie  whole  focoe  of  gravity  as  the  elevation 

*  Regnault,  Philosophic  Conversations  (English  edition),  ii.  125.  Decbales,  De 
Fontihus  Naturalibiis,  Tt.  7,  Frop.  15.  ]>esigiiUea,  Fb.  Tr.  No.  384.  AtwcU,  Hi. 

Tr.  xxjkVii.  301. 
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orat^iwiwihtothtwfaotoki^rftha  tnbe.  Hm  11  tint  if 

two  mnA  tobM  wnn  nidted  bdowy  n  m  to  fbim  *  ■aglt  bwi  tabc^  tiM 
vibntiooB  niglit  take  pUoe  in  the  whole  eoopowid  tube*  in  the  eune 

manner,  and  in  the  same  time,  as  in  eedl  ef  the  separate  tabes  ;  nor  inwild 
the  effects  be  materially  altered  if  any  part  of  the  middle  of  the  tube  were 
in  a  horizontal  or  in  an  nMique  direction,  provifl(»d  that  the  whole  length 
remained  unaltered,  in  such  a  tube,  ais<j,  all  vihrHtimis,  c\ t  n  if  of  con- 
siderable extent,  would  he  performed  in  the  sauie  time,  and  would  long 
remain  nearly  of  the  same  magnitude  j  but  in  a  single  tube,  open  below^ 
thevibraiioae  wmald  eontinaally  become  leae  tadmum,  aadlkdi dmMon. 
weald  alio  be  altered  ae  weQ  ae  tlieir  extent;  heridae  the  waavoidaliU 
leeistaoeee,  idiich  woald  fai  both  eaeee  interflne  wHhtheiegttlarity  of  the 
effects. 

But  it  does  not  appear  that  the  hiwa  ef  the  vflMations  of  fluids  in  pipes 
will  at  all  serve  to  e)n<'idatc  the  phenomena  of  wares.  Sir  l«aac  Newton  • 
has  supposed  that  each  wave  may  be  compared  with  the  oscilhiiint:  in 
a  bent  pipe  ;  bnt  tlie  analog}'  is  by  far  too  dihtaat  to  allow  uh  to  touml  any 
demun»tration  on  it.  The  motions  of  waven  liave  been  iuve»tigatcd  lu  a 
new  and  improved  manner  by  Mr.  Lagrange  ;t  and  I  have  givui  a  eonoiee 
demeiiatratUm  of  *  theorem  eimilar  to  hie^  hut  perhape  etiU  more  genval 
and  explidt.  It  appean  horn  theee  deteiminatton^  that  eappcdng  the 
fluids  eoneened  to  be  infinitely  elafllii^  that  ia,  absoluldj  hMompnadll^ 
and  free  from  friction  of  all  khidi^  anj  imall  impulse  comwnkiated  to  a 
fluid,  would  be  transmitted  every  way  along  its  surface  with  a  velocity 
eqnal  to  that  which  a  heavy  body  would  acquire  in  falling  through  half 
th  '  ;>th  of  the  tin  11  ;  and  I  liave  reatiou  to  believe,  from  observation  and 
expriiaciit,  that  where  the  elevation  or  depression  of  the  surface  is  con- 
nderably  extensive  in  proportion  to  the  depth,  the  velocity  approachee 
needy  to  tiiai  wUeh  ie  thne  detennhud,  bdng  freqnanttj  deftniant  one 
eighth  or  one  tenth  only  of  the  whole ;  In  other  eaati^  wfawe  a  nnmber  of 
small  waves  fidbw  each  other  at  intervale  comidBfaMy  km  than  the  depths 
I  have  endeavoured  to  celenlato  the  retardation  whidi  muRt  be  occaileaed 
hf  the  imperfect  elasticity  or  compressibility  of  the  fluid  ;  bnt  it  seems 
l^rohable  that  the  motion  of  small  wavae  ie  atill  mneh  elower  than  thin 
calculation  appears  to  indicate. 

Whatever  corrections  these  determinations  of  tlie  vdocity  of  waves  may 
be  found  to  re<|uire,  the  laws  uf  their  propagation  way  still  be  tiafeiy 
inlSBrred  ih»n  the  fametigation.  tkoMf  it  nny  ho  ehow%  enppeeing  the 
wavee  to  flow  in  a  narrow  canal  of  eqnaUo  dipth,  that^  whatever  the 
initial  flgnre  of  the  wst«  may  be^  ereiy  part  of  the  anrfcoe  of  the  flnid 
will  assume  in  enoeaaaktt  tiie  same  form,  except  that  the  original  elevationa 
and  depressions,  ertending  their  influence  in  both  directions,  will  prodnee 
eflfects  only  half  as  great  on  each  side,  and  those  effects  will  then  be  con- 
tinued until  they  are  destroyed  hy  re^is-tances  of  varions  kinds.  It  may 
also  be  inftn  oil  that  the  surface  uf  a  tiuid  thus  aj^itaLed  by  any  series  of 
impreaeions,  will  receive  the  eii\i<:iH  of  another  series,  in  the  same  manner 

*  Prindpia,  Lib.  II.  Prop.  46. 

t  MleHd^  Ansljtiqiie,  2de  Mie,  §  zL 
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as  a  horizontal  sarface,  and  that  the  imdulations,  thug  crossing  each  othet^ 
win  proceed  without  any  interruption,  the  motion  of  each  partiele  being 
always  the  mm  or  diAniMe  of  the  molioiw  hriwigiBg  to  the  eqpiwla 
eehes. 

Supposing  two  equal  and  similar  serieg  of  waves  to  meet  earh  otlitr  in 
such  a  canal,  in  opposite  dir^tions,  the  point  in  which  their  simiiur  p&rU) 
meet  must  be  free  from  all  hmrijKmtal  motion,  so  thai  any  fixed  obstacle  in 
•a  upright  poaitioB  wonUhftredie  eame  eA»et  on  the  notions  cf  flw  flidd 
oai  eUher  side  se  the  oppoeUion  of  *  riaUer  ettlee ;  nad  this  eAet  eoi»* 
itilntesihe  idtection  of  a  eeiiie  of  waves,  which  is  easity-  obearred,  when 
they  strike  against  a  steep  wall  or  bank  ;  and  when  this  reflection  is 
sufficiently  regular,  it  is  easy  to  show  that  the  combination  of  Uie  direefc 
with  the  reflecte'l  motions  roust  constitute  ^  vihration  of  such  a  nature, 
that  the  whole  surface  is  fHvit^ed  into  portions  wliich  appear  to  vibrate 
alternately  upwards  and  downwards,  witliuut  any  progfreBsive  motion, 
while  the  points  which  separate  the  portions  remain  aiwayd  iii  tiieir  natural 
IcYcL   (Plate  XX.  Fig.  263.) 

Bat  thoee  seriee  of  wane  whieh  an  nsnallj  obeerraUa  in  any  bxoad 
snr&oe,  and  which  constitute  a  number  of  eoaentrio  tsMea,  an  usually 
lelleeled  is  sodi  a  inaaiier  as  to  appear  to  diverge  after  refleetion  fnm  % 
eentn  hqrond  ilie  smfMeiriiich  reflects  them,  and  te  be  subject  to  all  those 
laws,  which  are  more  commonly  noticed  in  the  i)henomenaof  reflected  light; 
but  as  thew  laws  are  of  more  practical  importance  in  their  applicfttion  to 
opti<«,  than  to  hydraulics,  it  is  unnecessary  at  present  to  examine  tlieir 
consequences  in  detail.  It  may,  however,  be  easily  understood,  tliat  a  new 
series  of  waves,  proceeding  from  a  centre  at  the  same  distance  behind  the 
reflecting  surfMO  aa  the  oentveof  the  o^iinel  eeriee  is  bsfmre  it,  would  pre> 
4aee  pvedsely  the  siine  eHbotee  a  fixed  obetade ;  eonsequently  tlie  hnr  of 
KfleeHo&ateqnalangksb  a  my  upleinleiniioeftomtfaieBiedeof  bmi- 
sonhig;  (Fhle  XX.  Big;  M) 

When  a  series  of  waves  proceeds  in  an  equable  canal,  it  is  obvious  that 
the  centre  of  gravity  of  the  whole  fluid  neither  rises  nor  falls;  from  this 
ana!om',  m  M'ell  m  from  the  general  ftpplication  of  the  law  of  ascending 
force,  it  is  pruhal  lo  that  in  all  case^  of  tlie  propagation  of  waves,  the  place 
of  the  centre  of  gravity  remains  unaltered  ;  so  that  whea  a  circular  wave 
spr^kds  furtlier  and  further  from  its  centre,  its  height  is  not  diminiaheJ  in 
the  eame  ntio  as  its  diameter  is  increased,  but  the  senate  eflle  hei(^ 
only  TBiies  fai  this  propottko;  that  ii^  a  wsve  fvfakh  ie  s  yard  indiameler, 
and  an  indi  high,  will  retainaheij^tof  lialf  an  inch,  wiieu  its  diameter  ia 
famaeed  to  four  yards. 

Many  of  the  phenomena  of  waves  may  be  very  oonveaienlly  eidiibited, 
by  means  of  a  wide  and  shallow  vessel,  with  a  lK>ttnm  of  glass,  surrounded 
by  sides  incHned  to  the  horizon,  in  order  to  avoid  the  cunfusion  which  would 
arise  from  the  continual  relleetions  produced  by  perpendicular  surfaces. 
The  waves  may  be  excited  by  the  vil)ration8  of  an  elastic  rod  or  wire, 
loaded  with  a  weight,  by  means  of  which  its  motions  may  be  made  more  or 
less  i^id  at  pleasnre ;  and  the  form  and  progress  of  the  wafis  may  be 
easily  obeerved,  by  placing  a  ligiit  vnder  the  netiel,  eo  that  tiieir  shadows 
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miy  fiJi  on  •  white  mahM,  ffrttiwHng  In  9m  indimd  podtfon  mlwve,  Ia 
this  manner  the  tninuteti  faifleotions  of  the  eoifnee  of  the  water  may  he 

made  perfectly  conqpienoaa.  (Plate  XX«  F|g«  265.) 
By  means  of  this  apparatofl^  we  may  OTaminfft  the  manner  in  which  a 

wave  divenj;??',  when  a  portion  of  it  has  heen  intercepted  on  cither  side  or  on 
both  sideii.  Thus,  if  a  wave  is  admitted,  by  an  aperture  wliirh  h  vpry 
narrow  in  proportion  to  it»  own  })rcH(\\h,  into  the  surface  of  a  part  of  tlie 
water  which  is  at  rest,  it  diverges  from  the  aperture  a&froin  a  new  centre  ; 
but  when  the  aperture  is  considerably  wider  than  the  wave,  tlie  wave  con* 
finis  its  modon  in  great  meaeiue  to  ita  origbial  dhreetion,  with  eom  flaall 
diveigeiioe,  while  it  ie  jmned  on  each  dde  by  fuuter  cirenlas  pcfftitn% 
flpveadliigfemii  the  anglea  only.  (Plate  XX.  Fig.  2fla) 

When  two  equal  series  of  circular  wafo^  pwwieediuy  fiom  oentns  near 
each  other,  begin  their  motions  at  the  same  time,  they  must  so  ORiil  each 
other  in  some  parta  of  their  progress,  that  the  elevations  of  the  one  series 
tend  to  fill  up  the  depressions  of  tlie  otlier  ;  and  this  effect  may  be  actually 
observed,  hy  throwing  two  stones  of  e»iu;Ll  si^iie  into  a  pond  at  the  ^ anje 
in«taut ;  for  we  may  easily  distinguish,  iti  favourable  circumstances,  the 
eeries  of  points  Sn  whieh  lUs  sAet  takee  place,  forming  eonthraed  earrei^ 
in  which  the  water  remains  smooth^  while  it  ia  sliongly  agitated  in  tha 
intermediate  parts.  These  cnryes  aia  of  the  Idnd  denominated  hyparbeiay 
eaeh  point  of  the  com  being  so  situated  with  reqiect  to  its  foci,  as  to  be 
nearer  to  one  than  the  other  by  a  certain  constant  disiaacs.  (PlatsXX 
Fip.  207.) 

'I'lie  Kuljicct  of  waves  is  of  less  inmiorimtc  importance  for  any  practical 
a]  ]>li(  :i1  lull  than  some  other  parts  of  ]iy<intuiit6  ;  but  besides  tliat  it  is 
iutunateiy  t  <  nnected  with  the  phenomena  of  the  tides,  it  aflorda  an  eU^gant 
employment  for  bpccuiative  investigation,  and  furnishes  us  with  a  bensible 
and  undeniable  evidsncs  of  tha  truth  cf  soma  faoti^  which  are  cspabla  of 
being  applied  to  Uie  w^lanation  of  some  of  thamost  interesting  phMmnsaa 
of  acostics  and  optica. 

It  may  be  shown,  by  steps  nearly  similar  to  those  by  which  the  velocify 
of  the  motions  of  waves  b  Investigated^  that  a  fluid  which  is  contained  in  an 
elastic  pipe,  and  which  receives  an  impulse  at  any  part  of  the  pipe,  will 
transmit  its  effect'*  with  the  same  velocity  .ns  a  wave  would  have  in  a 
reservoir,  of  that  depth  which  measures  tin  i  histicity  of  the  pipe,  tliat  is, 
with  half  the  velocity  which  a  body  would  acquire  in  falling  from  the 
height  at  vvliich  a  portion  of  the  fluid  connected  with  the  eouteutb  of  the 
pipe,  would  stand  in  a  Tartical  tube.  It  lain  this  numaertiml  flic  blood  ia 
transmitted,  hy  mcana  cf  tha  impulse  given  to  it  by  tha  hcsii  throngh  tha 
Uood  Teesels;  the  pulss  movee  on  with  great  rapidity,  the  dastio  foeca  of 
Uia  vesMis  being  considerably  assisted  by  the  temporary  actions  of  the  mus- 
cular coats  of  the  arteries,  which  cause  a  contraction  mora  rapid  than  tha 
dilatation  ;  w  hile  the  whole  mass  of  the  arterial  blood  continues  at  the  ^ame 
time  to  arh  anrr  with  a  much  smaller  velocity  ;  like  the  slow  stream  of  a 
river,  r>n  ilu  s  ii  Uce  of  which  undulations  are  oontinoally  propelled  with 
motions  independent  of  its  own. 
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ON  THE  FRICTION  OF  FLUIDS. 

Wb  liave  hitherto  considered  the  motiona  of  fioids  indcpendoitly  of  the 
re««tance  which  they  undergo  fnm  the  veweltf  containing  them  and  from 
the  surfac-eH  in  cnntact  wit)i  them,  as  woll  as  from  the  interfeirnrt^  nf  th*» 
ncighlioiiring  partit  lLS  \vith  each  otlier  ;  there  Ls,  howt  vcr,  a  vi\ri(  ty  of 
cast's  of  very  common  octui  rem  c,  in  ^vhicli  these  frictions  most  materially 
affect  the  reHuIts  of  onr  calcuiatiunsi ;  so  that  before  this  subject  waa  labo- 
riously and  judiciously  investigated  by  the  Chevalier  du  Buat,*  It  was 
•lauNit  impowibk  to  apply  any  pttt  of  oar  thooiolifial  knowledge  of  hy- 
teata  to  pnotteol  pupeeei. 

The  efioet  of  Mekioa  ie  parttcalwly  exemplified  ly  the  motions  of  rirers, 
in  which  almost  the  whole  force  of  gravity  is  employed  in  overcoming  it. 
When  the  inclinatioa  and  the  dimensions  of  a  river  continue  uniform,  the 
velocity  is  ilso  every  where  equal ;  for  otherwise  the  depth  would  become 
unequal :  here,  therefore,  the  force  of  gravitation  must  be  an  exact  counter- 
poise to  the  resistance  which  is  to  he  overcome,  in  order  that  the  water  Tuay 
flow  with  its  actual  velocity  :  this  velocity  imving  been  origtnaliy  derived 
from  Uie  effe(^  of  a  greater  inclination  near  the  origin  of  the  river.  When 
the  river  is  thuspraeeeding^  withan  oqnabie  motioDy  Hie  said  to  be  la  tmin ; 
and  It  Is  ohyloos  that  no  increaee  ef  Its  Inffik  will  pioduee  any  alteration 
In  its  vdoeity*  There  i^  therelorB^  a  Teiy  malerial  diilennoe  hotween  the 
oonise  of  a  river,  and  the  descent  of  a  body,  widi  an  accelerated  modon, 
along  an  inclined  surface.  For  when  a  solid  body  is  placed  on  an  inclined 
plane,  the  force  of  friction  i'^  either  great  enough  to  overpower  its  relative 
wf  i^^lit,  auU  to  retain  it  at  rest,  or  else  the  friction  is  constantly  less  than 
the  L^ravitation,  and  the  motion  is  alway-,  arcelerated.  But  the  resistance 
to  tiie  motions  of  fluids  arisca  principally  from  diflfereut  caus^  ;  not  fn>ni 
the  tenacity  of  the  fluids,  which,  where  it  exists,  is  a  force  nearly  uniform 
like  thai  of  frietion,  but  principally  from  the  irregular  moHoas  and  matnal 
collisions  of  their  psrtieles;  and  in  this  esis^  aoootding  to  the  laws  of 
meehaaioi^  it  mnst  vaiy  neariy  In  proportion  to  the  sqnan  of  the  veloeity. 
For  when  a  body  is  moving  in  a  line  of  a  certain  curvature,  the  centrifugal 
force  is  always  as  the  square  of  the  velocity ;  and  the  particles  of  water  in 
contact  with  the  sides  find  }M»ttom  of  a  river  or  pipe,  nmst  he  deflected,  in 
consequence  of  the  minuti'  irr>L^;uI{iritM.">  of  the  snrffices  on  which  they  slide, 
into  nearly  the  same  curvilim  ar  j»alli.s,  whtttever  their  velocity  may  be,  80 
that  the  resistance,  which  is  in  great  measure  occasioned  by  this  centrifugal 
foree^  mnst  slso  vaiy  as  the  square  of  the  velocity.  Thus  also  the  eorra- 
tare  assoaed  by  the  oatline  of  a  stream  of  water  Issuing  from  a  simple 
oriiioo  wlueh  oonstitutes  the  eontvaotbn  atready  deeeribed.  Is  vsiy  nearly 

*  Principct  d'Hydraulique,  1786,  aad  3vob.  1816. 
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tlwaasne,  whattver  tha  vdodty  may bt:  aw Jotith»  ftidfao  Inamw  with 
theptwron^M  is  demoutnittd  by  an  cKpwimeni  of  Puoiwiaf  BoUaon 
on  thAMoUlirtiotiiof  afliiidtlinN^«b«tt^^ 

which  were  performed  in  thaaame  time,  whether  the  taka  waa  in  a  lUMdlr 
xontal  or  in  a  vertical  position.  Mr.  Coulomb  has  abo  proved  the  same 
fact  hy  experiments  on  the  vibrations  of  bodies  immerBed  in  fluids,  and 
,sus})cndoii  hy  twisted  wires  :  he  f\ud^  that  precisely  at  the  surface,  the 
fricLiuu  ib  ijoiui'wliat  j^reater  tlmn  at  any  depth  below  it :  he  &ko  considers 
a  certain  part  of  the  friction  as  simply  proportional  to  the  velocity,  and 
«  yexy  small  pocUm  tmfyp  fai  mubmb  Mia,  •■  paffadly  iadapendant 

It  ia  obriow  fhaft  whamw  tfaa  Mottan  variaaaa  ilia  aqnaia  of  tlia  vab- 
cify,  or  vrm  when  it  incieasea  in  any  d^giaa  wiih  the  Telocity  than  moat 
always  be  a  limit,  which  the  velocity  can  never  exceed  by  means  of  any 
constant  force,  and  this  limit  must  be  the  velocity  at  which  the  resistance 

would  Ix  coine  equal  to  tltc  forLc  ,  It  is  for  this  reapon  that  a  light  body, 
descending  through  the  air,  suun  acquires  a  velocity  nearly  uniform  ;  and 
if  it  be  caused,  by  any  external  force,  to  move  for  a  time  more  rapidly,  it 
wOl  again  be  spaadily  lataida^  until  its  vehwify  be  laatotad  wtny  nearly  to 
itaoHginalalBla.  IntfaaaaiMmanntriiiawaii^t  off  fhawatar  inaihir, 
wliicSiliaa  onoa  aaqnind  n  aUliomaiy  fdodfy,  ia  wliollyainployad  in  ovcv- 
^wMfc^'y  tfaa  friction  produced  by  the  bottom  and  the  banks. 

From  considering  the  aflboi  of  tha  magnitude  of  the  surface  exposed  to 
the  friction  of  tlie  water,  in  compariRon  with  the  whole  quantity  contained 
in  tlie  river,  together  witli  the  degree  in  wliich  the  river  is  inclined  to  the 
horizon,  we  may  determine,  by  folli  ^\^in^'  the  tnethodsj  adopted  by  Mr, 
Buat,  the  velocity  of  any  river  of  which  we  know  the  dimensions  and  the 
inclination.  Supposing  the  whole  quantity  of  watar  to  be  oprand  on  a  lioil- 
■ontal  aorfiKe,  equal  la  aztant  to  tha  bottom  and  ridaa  of  tlia  liTor^  tha 
heiglit  at  which  it  woqU  atand,  ia  oaUad  tha  hydiaolio  maaii  deplii ;  and 
It  mtj  be  shown  that  tha  aqnaia  of  tha  velocity  must  be  jointly  propor- 
tional to  the  hydraulic  mean  depth,  and  to  the  fall  in  a  ginm  length*  If 
we  measure  the  inclination  by  the  fall  in  2 WO  yr^rds,  the  square  of  the 
velocity  in  a  second  v.  ill  he  nearly  equal  to  the  product  nf  this  fall  multi- 
plied by  the  hydraulic  mean  depth.  For  example,  ia  the  Gaiiu'>  and  in 
some  other  great  rivers,  the  mean  deptli  being  about  30  feet,  aud  the  fall  4 
inches  in  a  mile,  the  fall  in  2800  yatda  wiU  bo  about  61  IndMa,  whiah, 
mnltipliad  by  dOO  inches,  givaa  2310  inehaa  for  flia  aqnara  of  tha  maaa 
loeityy  and  4B|  inchaa»  or  aboot  four  iiwl»  for  tha  maan  vdodiiy  ina  aeoondy 
that  ia,  not  quite  three  milaa  an  hour,  widch  ia  tfaa  naoal  velocity  of  rivera 
moderately  npid.  If,  liowavir,  gnat  precision  wan  leqnivad  in  the  deter- 
mination, some  further  corrections  would  be  necessary,  on  account  of  the 
deviation  of  tlie  resistance  from  the  exact  proportion  of  the  sqiiarea  of  the 
velocities ;  since  the  fri<^n,  as  we  have  already  seen,  does  not  increase 
quite  so  fast  as  this. 

It  is  obvious  that  the  friction  of  a  fluid,  moving  on  the  surface  of  a  solid 

•  Hut.  et  M^m.  de  Ms,  1784,  p.  229.  M^m.  de  I'lnstitttt,  vol.  iii.  Pbil. 
Mag.  vii.  183. 
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aloofly  iradd  not  pndm  any  nalorUd  TClaidiA^ 
tidw  of  iha  fluid  tiMmMlTes  wen  eapaUe  of  moring  on  each  other  wtthMit 
the  least  resistance  ;  for  in  this  case  a  gmall  portion  of  the  fluid,  in  imme- 
diate contact  with  the  solid,  might  remain  at  rest,  and  the  remaining:  m9.fm 
of  the  fluid  mi^ht  over  thin  portion  without  auy  retardation.  It  ap- 
penrs,  however,  tiuit  the  wat^r  in  contact  with  the  bottom  of  a  river  moves 
witii  a  very  conoid i  i  ii Me  velocity,  and  the  water  next  ahove  this  only  a 
little  faster,  so  that  tlie  velocity  iucreases  almost  uniformly  as  we  ascend 
towards  the  enrfaoe.  It  f oUowa,  thaiefore,  (iuit  tlie  malataiioe  muat  be  maA 
greater  where  ibe  partieleB  of  water  elide  on  eaeh  other,  than  when  tfaej 
glide  along  the  sufaoe  of  a  aolid.  Thie  intenial  Irietion  operatee  gmdnaOy 
thiongfaont  the  water ;  tiie  surface  being  retarded  by  the  particles  immedi- 
ately below  it^  th<»e  particles  by  the  next  inferior  stratum,  and  each  stra- 
tum being  actuated,  besides  its  own  relative  weis>ht,  hy  the  friction  of  the 
water  above,  tendinu;^  to  draw  it  forwards;,  and  by  that  of  the  water  below 
tending  still  more  to  retard  it  ;  the  retardation  being  conimiinicated  from 
below  upwards,  in  such  a  manner  as  to  be  every  where  e(juivalent  to  the 
relative  weight  of  the  water  above  tlie  part  considered.  It  appears  from 
ehaemtion,  that  when  we  have  determined  tiie  mean  Telocity  in  Englidi 
inehea,  we  may  find  the  mperfidal  velodty,  very  nearly,  by  adding  to  it 
ite  eqnan  root^  and  the  Tdoeity  at  the  bottom,  by  subtracting  from  it  tiie 
same  number :  thus  the  square  root  of  48}  being  nearly  7,  the  superficial 
Telocity  of  the  Ganges  will  be  about  55  inchea,  or  4  feet  7  indiee  in  s 
second,  and  the  velocity  at  the  bottom  41  f.  There  are,  however,  frequent 
irregularities  in  the  proportions  of  the  vplocities  nt  different  depths,  and  it 
ha«  sometimes  been  observed,  perhaps  on  account  of  the  resistance  of  the 
air,  that  the  velocity  is  a  little  less  immediately  at  the  surface,  than  a  few 
inches  below  it. 

For  eimflar  reaeone,  tlie  Telodty  of  a  riT«r  ia  also  generally  greater  in 
the  middle  than  at  tiie  eidee ;  and  the  motion  of  the  partldea  in  the  middle 
mnet  be  retarded,  not  only  by  thoee  which  an  hdow  them,  bnt  abo  fay 
those  on  each  side,  while  these,  on  the  contrary,  are  dragged  on  by  the 
water  in  the  middle :  the  middle  parts  tend,  therefore,  to  draw  the  sides 
towar'ln  them,  which  they  cannot  do,  without  lowering  the  surface  of  the 
fluid  next  to  the  banks  in  such  a  degree  as  to  make  the  diflRerence  of  le%'pl 
an  equivalent  to  tliis  tendency  to  approach  the  middle,  lliis  appears  to  be 
the  reason  that  the  surface  of  a  Inrce  river  may  generally  be  observed  to 
be  slightly  convex,  or  a  little  elevated  in  the  middle. 

The  conrae  of  a  rlTer  b  aometimea  interropted  by  a  wen  or  a  fall,  natu- 
ral or  artafieial ;  in  anch  caaea  the  Telocity  may  be  calculated  In  the  aame 
manner  aa  when  a  fluid  ia  diaehaiged  firam  a  reserroir  through  an  apertum 
of  oonridenble  height :  auppoeing  the  whole  section  of  the  were  to  be  audi 
an  aperture,  in  a  Tesnl  so  much  higher,  that  the  Telodty  of  a  fluid  issuing 
from  it  at  the  upper  part  of  the  aperture  would  be  precisely  equal  to  the 
actual  velocity  of  the  river.  The  rxtont  of  the  swell  ca\i<"d  by  n  were,  or 
h}'  any  jiartia!  elevation  thrown  across  the  bed  of  a  river,  may  also  bo 
found  by  first  determining  the  height  at  which  the  surface  must  stand 
immediately  above  tlie  were,  and  then  calculating  the  inclination  of  th« 
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■ufim  wbiflh  will  be  fiqiiind  lor  pnMiiidng  tlia  Mtaal  nlodiy  in  tlw 
mer  tboa  made  daoper ;  whieb  of  oouw  will  deteimine  the  iltiiataoii  ef 
the  BDifiMe  wiMfe  tlie  water  approeehee  tba  were  ;  and  this  surface,  which 
b  more  neatljr  hMfiaontol  than  the  general  surface  of  the  river,  will  be  ee 

Joined  to  it  as  to  have  a  curvHture  nearly  unifonn  throughout. 

It  appears  from  calcnl  Ltiuus  uf  thi,'  cfFct  t'^  of  variouB  ohanpes  in  the 
dimensions  of  rivere,  as  v^eil  ais  fiuui  iinnu  iliate  observation,  that  a  con- 
siderable diminution  of  the  hreadth  of  a  river  at  u  partRular  place,  will 
often  pndace  bat  a  nnaU  tkrvation  of  iia  surfaee.  The  vehxnty,  however, 
maj  eemeMmce  beeonfidenUy  ineieaeed  bgr  eneb  a  ehange,  and  -when  the 
bottom  ie  ef  a  leeee  mlim^  ite  partickemay  be  eanied  away  1^  meanaef 
the  increased  velocity,  and  the  bed  el  the  nver  may  be  deepened. 

Where  a  river  bends  in  a  considerable  di^ree,  it  Ie  gtncnlly  remarked 
that  the  volocity  of  the  water  is  qreater  near  the  concave  than  the  convex 
side  of  the  flexure,  that  at  the  greatest  <Ti«tan(»  from  the  centre  of  its 
curvature.  This  effect  is  jinjhably  occasioned  by  tlie  centrifugal  force, 
which  accumulates  the  water  on  that  side  ;  so  that  the  bank»  ar^  under- 
mined, and  the  channel  is  deepened  by  ite  friction.  Some  authors  have 
been  led  to  expect  that  the  velooi<y  wovld  be  giealee  Beareet  to  the  oomx 
baah^  beeame  the  fafBnation  of  the  euifiwe  mnet  be  a  little  gieater  flieges 
bat  iheefleot  of  the  aeoderating  fai  any  dioH  diitanee  ie  in^^ 
and  it  is  more  Uian  compensated  by  the  want  of  depth.  It  may  easily  be 
understood,  that  all  angl^  and  flesiDee  mnel  ^HwaiatA  the  geneial  valoeiiy 
of  the  river's  motion,  nnd  the  more  as  they  are  mnor^  ah  nipt. 

It  has  sometimea  been  imatrined,  that  because  tlio  jnessnre  of  fluids  k 
propagated  equally  in  all  directions,  their  motions  ought  also  to  diverge  in 
a  similar  manner  ;  hut  this  opinion  is  by  no  means  well  founded,  even 
with  leepect  tothoeBpaitfclee  wtteh  yeceiTetheirmotionainaaMiimited 
leeervoir  from  the  impolee  ef  a  etteam  whieh  enten  iU  An  eipeii* 
ment,  which  eate  tfaia  &et  in  a.  dear  point  ef  Tiew^  waa  made  long  age 
by  Hauksbee.*  He  piodueed  a  veiy  rapid  eamnt  of  air,  by  means  of  a 
▼easel,  into  which  three  or  fbiir  timea  aa  mvdi  air  ae  it  naturally  con- 
tained had  been  condensed  by  tneans  of  a  sjningc,  and  causing  the  current 
to  pa??s  t!irou{^b  a  "inall  !>ox,  in  which  the  bason  of  a  barometer  was 
place*!,  the  mercury  w^as  depressed  more  than  two  inches,  in  ronenujuenee 
of  the  rarefaction  which  the  ourrent  produced  in  the  air  of  the  box.  (i^laie 
XXL  Fig.  268.) 

Piofmeef  Ventnii  hae  alee  made  aeTeial  eKperfmenla  qf  n  eimilarnatare 
en  the  motion  ef  water:  heobserveethatnotonlyAe  water  in  ooniaet  with 
a  stream  ie  dvawn  along  by  it,  bnt  that  the  air  in  tin  ndghbourhood  of  a  jet 
is  also  made  to  partake  of  its  motion.   When  the  mouth  of  a  pipe  through 

w^hich  a  stream  of  water  is  discharged,  is  introduced  into  a  veswl  a  little 
below  the  Hurfacc  of  the  water  wbirh  it  contains,  and  is  allnwe^^  to  escape 
by  ascendintr  an  inclined  surface  plac^  opposit^^  to  the  ]>ijic  nml  loiading 
over  tile  side  of  the  vessel,  the  stream  not  only  a»ei?ful»  tliih  wurfiice  wiUiout 
leaving  any  portion  of  itself  behind,  but  carries  also  with  it  the  whole  of 

*  Hauksbee,  Phyaico- Mechanical  Experiments,  4to,  I^nd.  1709,  p.  ftd.  See 
Leslie's  examinatioa  of  lite  experiment,  art.  Barometer.  Supp.  Eucyc.  Brit.  p.  ISB» 
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th«  water  of  the  ve$^so],  until  its  surface  beoooMS  Iey«l  with  the  lowMi  pait 

of  the  stream.   ( Plate  XXI.  Fig.  269.) 

T1u»  ofr»xt  of  ft  jet  of  wfttor,  in  drawinpf  towards  it  a  cttrrent  of  air,  is  in 
some  meu-nrc  illustrated  by  an  cxporiinont  which  is  often  exhibited  amoii)? 
the  amusenunts  if  liytlrnulics.  A  ))all  of  cork,  or  even  an  egg,  being 
placed  in  the  inidcilc  oi  a  jet,  which  throws  up  a  pretty  large  stream  to  a 
moderate  height,  the  baU,  instead  of  falling  or  bdng  thrown  off,  as  it  might 
natnralljr  havo  been  espeeted  to  do^  remaine  titfaer  nearly  stationaiy  or 
playing  np  and  down,  aa  long  as  the  experiment  is  eontinued.  Beeidee  the 
current  of  air  which  Ventoii  has  noticed,  and  whidi  trade  to  support  tlie 
ball  in  a  stable  equilibrium,  the  adhesion  of  the  water,  combined  with  its 
centrifugal  force  in  turning  round  the  ball,  assists  in  drawing  it  back, 
when  it  has  declined  a  little  on  rithrr  '^ido,  so  that  the  stream  has  been 
principally  in  contact  witli  the  other  sule.  A  similar  efi'ect  may  l)c  observed 
in  the  motions  of  the  uir  only,  I  have  shown  by  some  cxperinieQt6  of 
which  an  account  is  published  in  the  Philosophiod  Transactions.*  Thos, 
if  we  bend  a  long  plate  of  metal  into  the  fonn  of  the  letter  S,  and  eoa^ 
pend  it  in  the  middle  hy  a  thread,  so  that  it  may  niore  firedy  on  ite  oentre, 
and  if  we  tiien  blow  on  its  <»nTex  sniCaoe  with  a  tabe  directed  obliquely 
towards  the  extremity,  instead  of  retreating  before  tlie  blast,  it  will  on  the 
contrary  appear  to  bo  attracted  ;  the  pressure  of  the  atmosphere  being 
diniini*;hed  by  the  rontriftiir'il  force  of  the  current,  which  '^'lidcs  along  the 
convex  surface,  bee m-^e  it  IukIs  a  readier  passage  in  the  neighbourhooil  of 
the  solid,  towards  which  it  is  urged  by  the  impuke  of  the  particles  of  the 
air  approaching  it  on  one  side,  and  by  the  defect  of  pressure  on  the  other 
side,  oeeasioned  by  flie  remoral  cf  a  oertain  porUon  of  the  air  whidi  it 
earriee  with  It  (Plate  XXI.  Fig.  270, 271.) 

Vtottk  eonsidevationa  similar  to  those  by  which  the  ▼dodty  of  a  lirer  Is 
determined,  we  may  calonlatethe  quantity  of  water  disdiasged  f^m  a  pipe 
of  any  given  dimensions,  and  in  any  position.  The  same  expressions  will 
serve  for  estiinHting  the  magnitude  of  the  friction  in  both  cases  ;  the  pipe 
being  considereti  ;w  a  small  river  of  which  the  mean  depth  is  one  fourth  of 
its  diameter :  but  a  part  only  of  the  force  of  gravity  is  now  expended  iu 
overcoming  the  friction,  the  rest  being  employed  in  producing  the  momen- 
tum of  the  water*  We  may  obtain  a  sufficiently  aeenntedelnmiaation  of 
the  Telocity,  by  supposing  the  height  of  the  reeenroir  above  the  orifice  of 
the  pipe  to  be  diminished  in  the  same  proportion  as  the  diameter  of  the 
])ipe  would  be  increased  by  addtUg  to  it  one  fiftieth  part  of  the  length,  and 
finding  the  whole  velocity  corresponding  to  four  fifths  of  thb  height.  Thm^ 
if  the  diameter  of  the  pipe  were  one  inch,  and  its  length  100  inches,  we 
must  suppose  the  effective  height  to  be  reduced  to  one  third  by  the  friction, 
and  the  disiharge  must  be  calculated  from  a  height  four  fifths  aii  great  as 
this,  which  may  be  oonudered  as  a  reduction  derived  from  the  interference 
of  tfaepattifilse entering  the  pipe,  with  sadi  othei^s  motions.  If  the  diameter 
of  the  pipe  had  been  two  inohflSi  the  height  most  only  have  been  supposed 
te  be  reduced  to  cne  half  by  the  iriction ;  audi  a  ]dpe  would,  tlmfore, 

*  OvtUiie  <rf  EiperimenU  and  InqoiriM  leapecting  Sowid  and  Light,  Fh.  Tr. 
IMO,  p.  106. 
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discharge  about  five  times  as  much  water  aa  the  former,  although  of  only 
twice  the  diameter ;  and  this  circumstance  requires  the  attention  of  all  those 
who  am  ooncemed  in  r^ulating  the  distribution  of  water  hy  pipes  for 
domeakie  use,  or  for  any  other 

In  sneh  cases  it  beoomee  also  firequenUy  neoeeeary  to  attend  to  the  angle 
in  which  a  small  pipe  ia  inserted  into  a  larger ;  whoever  a  pipe  is  bcut^ 
there  is  a  loss  of  force  accorJinr^  to  the  dogiveof  flexure  and  to  the  velocity 
of  the  water,  which  may  be  calculated,  if  it  l)e  required  ;  but  if  a  pipe  be 
fixe<l  into  another  through  which  the  water  is  moving  very  rapidly  in  a 
direction  contrary  to  that  of  the  stream,  its  discharge  will  not  only  be  much 
smaller  tliaii  ii  the  directions  more  nearly  cuiiicidcd,  but  sonu'timcs  .such  a 
pipe  will  discharge  uotliing  at  all ;  ou  the  contiur^ ,  like  the  air  m  ilauks" 
bee^e  experiment,  the  water  which  it  contains  may  be  dragged  after  ih» 
stream  in  the  laiger  pipe. 

The  bad  effect  of  unnecessaiy  dilatationsi  as  wdl  as  contractions^  in  aqne- 
dnds  and  in  pipes>  n)ay  l>e  understood  fimn  wliat  has  been  already  said  of 
the  loss  of  force  attendant  on  every  change  of  velocity  ;  a  circumstance  »if 
a  similar  nature  sometimes  happen.s  in  the  animal  economy.  When  an 
art**ry  filiated  so  as  to  form  an  aneurism,  it  has  been  observed  that  the 
artery  usually  distendeil  above  the  cavity  ;  and  this  effect  is  easily  un- 
derstood from  the  actual  increaiie  of  re&istauce  which  the  aueuxisui  pro-. 
duces,  united  perhaps  with  the  preWous  debility  of  the  artery. 

Hr,  Getstner*  has  found  by  some  very  accurale  obeervatioiu  on  the 
notion  of  water  in  reiy  small  pipes,  that  the  resistance  ia  oonsiderably 
alfeeted  by  the  temperature  at  vl  .i -h  the  experiment  is  performed  ;  hut  in 
the  cases  of  rivers,  and  of  such  pipes  as  are  commonly  used  in  practice  no 
variations  of  temperature  to  which  they  can  be  liable,  will  produce  any 
sensible  effects.  His  experiments  indicate  a  resistance,  where  the  tubes  zvre 
very  small,  which  follows  a  law  so  dilferent  from  that  which  is  observed  in 
more  common  cusca,  that  it  appears  to  be  owing  to  sonie  other  cause  :  Uiia 
eanae  is  perhaps  the  capillary  attraction  of  the  op^u  eud  uf  the  tube,  and  it 
is  the  more  probable  that  the  resistance  depends  on  SMue  snch  drcnmstance^ 
as  thwe  is  reason  to  think  that  the  irregularity  may  be  in  great  measure 
mnoTed  by  placing  the  tube  wholly  under  water. 
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LECTURB  XXV. 


ON  HYDRAULIC  PRESSURE. 

Tub  mutti&l  effects  of  fluids  and  moveaMe  solidn  on  each  otlier  dcpci^l 
prlncipnlly  on  tlio  l.iw<  nf  liyilraulic  iiressurc,  mid  of  Iho  nsistance of  fluida, 
wliich  liHvo  hoen  coiiBidcrcd  by  Bernoulli  as  constituting'  a  s<'|>ar«te  depart- 
ment of  iiydrodynamics,  under  the  name  of  hydruulicoiitatios,  and  which 
are  of  the  utmost  practical  importance,  since  the  application  of  the  powcn 
of  wind  or  wnter  to  tho  working  of  mills,  and  to  the  navigation  of  thipa,  aio 
wholly  depondont  on  th«n«  Tho  hnpnlao  of  a  llaid  dillera  fwj  maleriall/ 
from  that  of  a  aolid»  for  in  the  motiona  of  eoHd%  the  least  poasihle  finite 
momentum  must  ovupower  tht^  Btrongent  ponsible  pressure;  hutelnoe  the 
particles  of  fluids  arc  <)upp08ed  to  be  infinitely  small,  the  momentum  of  a 
fluid  Rtrcam  may  always  be  balanced  by  a  certain  determinate  pressure, 
without  produt  ini;  motion  in  the  solid  opposed  to  it ;  so  that  this  divi»ion  of 
the  .subject  of  liydi aulics  has  nothinsf  analogous  to  it  in  simple  mechanics, 
it  true  tliat  when  a  certain  t^uantity  of  a  fluid  is  made  to  a)ncentrate  its 
action  abnesi  inalaataneevaly,  ite  efleot  is  nearly  simiUur  to  that  of  a  solidy 
for  hen  the  ceiwitial  distinction  derived  from  the  sncoeerfve  action  of  the 
pavtielei  no  looser  OKisls.  Thne,  when  a  stream  of  fluid  filling  a  pipe  aeta 
suddenly  on  an  obstacle  at  the  end  of  it^  it  raqnires  to  be  resisted  by  a  force 
far  greater  than  that  which  originally  caused  its  motion,  unless  the  action 
of  the  force  be  continued  through  a  coiifjiderable  space  ;  and  for  this  reason 
the  strength  of  the  pijie  ought  to  be  so  calculated  as  tn  he  able  to  resist 
thin  action  ;  its  intensity  may,  however,  be  easily  dinuui.ihtd  l)y  means  of 
au  uir  Ycs^l  communicating  with  tike  ]upe,  which  will  allow  the  motion 
to  be  changed  in  a  less  abrupt  manner.  But  in  the  prmcipal  cases  which 
we  are  about  to  oonstder,  the  action  of  the  fluid  op  th^  aidid  is  supposed 
to  be  eenflned  to  aaeh  of  its  particles  as  are  neaily  In  oontaot  with  the 
surface. 

When  a  partof  the  weight  of  any  fluid  is  expended  in  produciqg  a  motion 

in  any  direction,  an  equal  force  is  deducted  from  its  pressure  on  the  vessel 
in  that  direction  :  for  the  gravitation  cmplnyed  in  generating  veliM-ity, 
cannot  ut  the  same  time  be  causing  pressure  ;  ami  w  hen  the  motion  pr-  ' lucid 
is  in  any  other  direction  than  a  vertical  one,  its  obliquity  must  be  lumie- 
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aaMjteiTtd  Utm  Hha  itaotiim  afths  vwMl^fer  of  MtneiiaedobilM]*  t  for 
il  ii  •briouB  thiib  a  Teriioal  force,  like  tbil  sf  vwvity^  MUMt  of  itielf  pvo- 

duoe  an  oblique  ot  a  horlaontal  motion. 

If  a  small  stream  descends  fro  m  the  bottom  of  a  reflsel^ihe  weight  expended 
in  pnxhicijipf  its  motion  is  equal  to  that  of  a  column  of  the  fluid  standing 
on  a  base  equal  to  the  contracted  orifice,  and  of  twice  the  height  of  the 
ve&sel.    Thue,  if  the  veaeel  be  16  feet  high,  the  velocity  of  the  stream  will 
be  32  feet  in  a  eeeond,  «Qd  a  column  3Si  feet  in  length  will  pass  through  the 
mBm  in  <m1i  imoiiiI,  wilk  the  wbole  veledigr  derivable  ftm  ite  welglife 
aeliiig  ferlhto  Mine  timei  eo  n»«ii»tiinef«i%  of  the  presMiaef  the  fluid  in 
tlie  xeeerrolr  moat  be  extended  i&  pwd^wngflliieimrtimi^and  wmelfff  wruwi 
bededneled  from  the  whole  loeee  with  which  the  flnid  acts  on  the  bottom «f 
the  reeenroir }  in  the  same  nuumer  as  whoa  two  naequal  weights  are  0(N»> 
iiected  hy  inefins  <»f  r  thread  passing  over  a  pulley,  and  one  of  Uiem  begins 
to  dwceud,  the  prrssuro  oa  the  pulley  is  tlirniniahed  by  a  quantity,  which  is 
as  much  less  than  tiie  8um  of  the  weights,  as  the  velocity  <>(  their  common 
centre  of  gravity  is  leaa  than  the  velocity  of  a  body  faliing  freely.    If  the 
stream  issue  from  the  vessel  in  any  other  direction,  the  efieot  of  the  dimi- 
atflionof  thipreMSft  inthaiditeettonwillWiieailxthenBMM  if  the 
tOMtl  wwe  enbjeeted  to  an  e^aal  preMOve  cf  aaj  other  land  in  a  eontntty 
diteetion;  tod  if  the  vobmI  be  iMfeaUe^  it  will  leoilTa  a  fiogNirive  ot 
rotaUny  motion  in  that  direction.  Thus,  when  a  vessel  or  pipe  is  fixed  on  a 
centre,  and  a  stream  of  water  is  dischju*ged  from  it  by  a  lateral  orifice,  the 
vessel  turnaround  ni  first  with  nn  ncrplernted  motion,  hut  onftocount  of  the 
force  consumed  in  iirodurin;^  tlu'  rotattii y  motion,  in  sttooessive  ^rtions  of 
the  water,  the  veioeity  soon  beooines  nearly  i^atii<»a)ry.   (Plate  XXI*  irig« 
272.) 

Fteat  iimilaa'  neeoning  it  appears,  that  the  effect  of  a  detached  jet  on  a 
plane  eaiflMe  perpendicahr  to  iiaanuii  he  eqvlvalenft  to  the  weight  «f  a 
poftidnef  theeameetnenieqpal  hi  kagth  totwieo  thtf  height  which  ia 
eapaUeef  pfodneingthevelodty.  Aad  thieiceidiie  aontotned  bjroaicp*- 
liaiantc  l  hot  it  la  necessary  that  the  diameter  of  the  plaM  be  at  least  four 
times  as  great  as  that  of  the  jet,  in  order  that  tlie  full  effect  may  be  produced* 
When  also  a  stream  acts  on  an  obstacle  in  a  channel  sufficiontl y  clo«^ed  on 
all  *;idps  to  prevent  the  escape  of  any  considerable  porti  in  of  watt  r,  its 
eff«'<  t  is  nearly  the  same  as  that  of  a  jet  playin?  on  a  lai  Lct'  surfart'.  Hut  if 
the  plane  opposed  to  the  jet,  be  only  equal  to  it  in  diameter,  or  if  it  be 
placed  in  an  unlimited  stream,  the  whole  vdooity  of  the  fluid  column  will 
iNihaaertroyed,itwiUQalybedifidedaBddiT«ted  irem  Iteoottn^iti 
parte  eoatihiditg  to  move  o%  in  ohli^  directione ;  biuehcaeee  the  pMe* 
eire  U  asaally  loand  to  ho  rimpij  cqaiTalcat  ioihe  Wcig^ef  aeohunneqaal 
in  height  to  Ihe  reservoir,  the  sturfiice  being  subjected  to  a  prescfure  neai^ 
similar  to  that  which  acts  on*  part  of  the  bottom  of  a  vessel,  while  a  stream 
isdesoendiagthfoaghalaiseapertaieinanothcrparlof  ik  (fUteXXL 
l?ig.2Ta) 

It  is  obvious  that  in  all  these  cases,  the  prewure  varies  as  th^  8<.|uare  of 
the  velocity,  since  the  height  required  to  pfodocc  any  vekuity  is  propor- 
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tioiul  to  its  aquttre.  This  infereDce  was  first  made  in  a  more  rimple  man- 
mTf  from  comparing  the  iropnlae  of  a  fluid  on  a  solid  wiUi  that  of  a  nmnW 

i»f  sopftrate  particles  striking  the  surface  of  the  body,  each  of  which  would 
produce  an  effect  proportional  to  its  velocity,  while  the  wlutle  number  of 
])artiele»  acting  in  a  given  time,  would  also  vary  in  the  same  ratio.  If  tlie 
solid  were  in  motion,  and  the  fluid  eitJier  in  motion  or  at  rest,  it  is  obvious 
that  the  relative  velocity  of  tlie  flolid  and  the  fluid  with  regard  to  each  otlier, 
would  he  the  01U7  caoae  of  their  mataal  eieoti^  and  that  the  hydimoUe 
.piMBun  or  redetanoe  must  he  dependent  on  this  vekwHy  aione»  esoipt  bo 
far  as  the  limited  dimensionsof  the  Teserroir  containing  the  fluid,  mtgiit  pro- 
duce a  difference  in  the  internal  motions  of  its  partic  les  in  dUfemit  eases* 
Thus,  where  the  fluid  is  so  confined  that  the  whole  of  the  stream  acts  on  a 
succession  of  planes,  each  portion  into  which  it  is  divided  may  be  considered 
as  an  inelastic  solid,  striking  on  the  surface  exposed  to  it  with  n  ci  i  tain 
velocity  ;  and  in  this  case  the  force  must  be  considered  as  simply  proj>or- 
tionalto  the  relative  velocity,  and  not  to  its  square.  Fur  want  of  this  con* 
sideratio%  the  eflfeels  of  watier  ulieels  ham  frequently  been  very  enroosoiis^ 
stated. 

When  a  jet  strikes  a  plane  smfiue  oUiqnelj,  Its  foree»  in  impeWng  tha 

body  forwards,  in  its  own  direction,  is  found  to  be  Tery  nearly  proportional 
to  the  height  to  whidft  the  jet  would  rise,  if  it  were  similarly  inclined  to  the 
horizon.  But  when  a  plane  is  situated  thus  obH(juely  with  respect  to  a 
wide  stream,  tlio  force  iuipolling  it  in  the  flircftinn  of  the  stream  is  i«inne- 
what  less  diminished  by  the  obliquity,  at  least  it  we  make  allowauc  r  (or  ii^ 
intercepting  a  smaller  ixti-tiou  of  the  stream  :  thus,  if  the  anterior  part  of  a 
solid  be  terminated  by  a  wedge  more  or  less  acute,  the  resistance,  according 
to  the  simplest  tiieoiy  of  the  resolntion  of  forces,  might  be  found  by 
deserlbing  a  eirele  on  half  the  base  of  the  wedge  as  a  diameter,  which 
would  cut  off  a  part  from  tiw  obfiqne  side  of  the  wedge  that  would  be  tiba 
measore  of  the  resistance,  the  whole  side  representing  the  leslstaiice  to  the 
same  solid  without  the  wedge :  but  the  resistance  is  always  somewhat  more 
than  this,  and  the  portion  to  be  added  nmy  be  found,  very  nearly,  ]>y 
adding  to  the  fraction  thus  found  one  ten  railiionth  of  tlie  cube  of  the 
number  of  degrees  contained  in  the  external  angle  of  the  wedge.  (Plate 
XXI.  Fig.  274.) 

The  pvessnrs  of  a  fluid  striking  perpendicnlarlj  on  a  plane  nufaoe^  has 
been  fdund  to  be  revy  diflerent  at  diflbient  paria  of  the  swCms  ;  bsing 
ysatsst  aithe  eentre^  and  least  towards  the  edges ;  so  that  if  an  aperture 

be  made  in  the  centre  of  a  circular  plane,  covering  the  mouth  of  a  bent 
ixtbe,  the  fluid  within  it  will  rise  half  as  high  again  as  if  the  whole  mouth 
were  open.  It  is  also  nbsprvnble,  that  two  bodies,  equal  and  similar  in  the 
form  of  the  |>art  meeting  tli^  fluid,  undcnro  very  diffierent  degrees  of 
resistance  according  to  the  forms  of  tiuii  ]Histcri(ii  (mninations,  and  thata 
thin  circular  plate  is  much  more  retarded  than  a  iou^  cylinder  of  the  same 
diameter.  These  dreumstanees  are  ntteriy  inexplicable  uptm  tiie  vague 
approadmation  of  supposing  the  resistanee  produced  by  the  immediate  im- 
pales of  separsle  paitides  of  the  fluid  on  the  solid ;  but  tfa^  are  no  longer 
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WQUpMtga  wliiB  WB  MDiidar  the  tnu  mod*  of  action  of  oontumoas  fluids, 
■ioM  all  the  motioii  whkh  is  prodnoed  by  the  fluid  in  the  solid  or  by  the 
aidid  ia  the  fluid  is  fommniiiwited  mueh  mom  by  meaiw  of  pTcnure  than 
by  immediate  impnlae.  The  minute  opentionB  of  tide  pveamure  are  too 
intricate  to  be  accurately  developea,  bat  we  may  obserre  in  general,  that 
when  a  body  moves  along  the  surface  of  a  resisting  medium  at  rest,  or 
when  aii  obstacle  at  rent  in  o]»pnsef|  to  a  fluid  in  eqnnblf  motion,  the  pres- 
sure ia  increiised  before  the  moving  substance,  and  dnniuished  behind  it ; 
80  Uiat  the  surface  ia  elevated  at  the  one  part  and  depressed  at  the  other, 
and  the  more  as  the  velocity  ii»  greater.  Now  it  is  obvious  that  the 
preflson  mnat  lie  gieatett  where  the  devstion  is  gteateet,  and  hence  a 
perfoolion  at  the  centie  of  the  lufiMe  indieatee  a  greater  preeeore  than  at 
the  ebrenrnfemnee.  Behind  the  body  this  preenue  beeomee  negative,  and 
hae  ■nwMiiiiMf  heen  called  nonpreiaiire ;  henee  it  happens  that  a  tube, 
opening  in  the  centre  of  the  posterior  surface,  exhibits  the  fluid  within  it 
depressed  below  the  level  of  the  general  surface  of  the  water.  'I'hu.s,  if  we 
suppose  the  velncity  f>f  a  body,  terminated  by  perpendicular  surfaces,  to  }»e 
8  feet  in  a  seconJ,  it  will  require  the  pressure  of  about  a  foot,  to  produce 
such  a  velocity,  and  we  may,  therefore,  expect  an  elevation  of  abuuL  a  toot 
befiBre  the  body,  and  an  equal  dspiesslon  behind  it ;  consequently  an 
eqiiiTaknt  diflfoienoe  must  be  found  in  the  piessnie  of  the  watsr  at  any 
eqnaldapthsontheantarioraikdposterioTsiiiCMesof  the  body.  Thewatcr 
tkratsd  before  the  body  escapes  oontiunally  towards  eadi  slde^  and  the 
deficiency  behind  is  abo  filled  up  in  some  measnie  by  the  particles  rushing 
in  and  following  the  boily  :  but  there  is  in  both  cases,  a  certain  quantity  of 
water  which  mqves  forwards,  and  constitutes  what  is  called  the  dead  water: 
before,  where  it  is  usually  most  observable,  it  forms  an  irregular  triamrle, 
of  which  the  sides  are  convex  iuwarda.  If  the  posterior  part  of  the  l>ody 
be  formed  like  a  wedge,  the  water  on  each  side  will  be  advancing  to  fill  up 
the  vacuity,  even  while  it  xemains  in  contact  with  the  sides^  and  the  nig»- 
tive  piessnie  wUl  be  considenhly  diminished.  For  this  leason  the  bottoms, 
of  ships  are  made  to  teiminate  behind  in  a  shape  somewhat  nwicmbHng  a 
wedge ;  and  the  same  economy  may  be  obeerved  in  the  forms  of  fiahei^ 
emulated  by  nature  for  following  their  prey  with  the  greatest  poarible 
rapidity.  In  general,  fishe%  as  well  as  ships,  are  of  a  more  obtuse  form 
before  than  behind,  but  it  is  not  certain  tliat  there  would  be  any  material 
'.t*  difference  in  the  resistance  in  a  contrary'  direction,  ulthuugii  sume  tx]>LTi- 

^-^  ments  seem  to  favour  such  au  opuxiou.    i'trliapH  if  the  natural  fomi  uf  the 

J  dsad  water  moving  before  an  obtuse  body,  were  ascertained,  it  might  serve 

to  indicale  a  solid  cslcolated  to  move  throog^  the  water  with  the  least 
leriatance  s  for  the  water  must  naftorally  aasome  snch  a  fona  for  its  own 
miKjftnSi  and  the  frictian  of  fluids  on  solids  being  less  than  that  of  fluids 
moving  within  themaelviM,  the  resistance  would  be  diminished  by  8ubsti« 
tuting  a  solid  of  the  same  form  for  a  fluid.*  (Plate  XXI.  Fig.  276.) 
Supposing  a  body  to  move  through  a  fluid  at  a  considerable  depth  below 

*  Consult  iiusttel,  Trans,  of  the  Boy.  Soc.  of  £din.  voL  ziv.  p.  47. 
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Ito  wntme,  thaw  wiB  ttm  be  »  «lwiHrob«fof»M>d  x^wnimi  WMwJ  H, 
the  last  In  Mght  md  ths  gMiter  in  extmty  is  flMdaplh  M  wUdi  fhe  bodj 
b  rflual0d.]B  gfwter*  Such  ab  diralloa  spfwrn  to  be  In  some  m^sure 
analogous  to  the  efi«ct  of  a  lowwm  fhffOWB  a«fMs  ft  rtftt,  wUdi  nieee  ite 

surface,  and  pro.lnces  a  swell. 

If  two  or  more  bodies  differently  fonm  d,  ihc  resistances  to  the  motions 
of  which  had  been  ascertained,  were  caused  to  move  throngh  a  fluid  in 
oontact  with  eaoh  other,  it  is  obvious  that  the  paths  described  bj  the 
pwliBleior  theflirfdiRi^kttDg  by  them,  mm  be  veiy  ittiMiHf  ftHml 
bxtliBir  jvMtieB;  ina  it  lesBe  w*ud  loes^  Ite  tin  jeifit 
pnineel  In  thtnolioBB  of  the  fl«id,  fAtm  the  Mofimt  aie  eo  tndted  m  ttt 
fimn  ft  coBvex  ontUne,  would  be  somewhat  less  than  if  eaxiti  smfaoe  were 
oensidered  eepftntely.  Accordingly,  ii  ie  found  that  no  calculation,  de- 
duced from  experiments  on  the  resistance  oppofk^d  to  ohliqne  plane  snrfaces, 
will  deterniinp  with  accuracy  the  resistance  to  a  (n^rvt  f?  ^\irf-\cp.  It  appeal's 
from  r  >;  [>♦  riiiient  that  the  r^stance  to  the  motion  of  a  spin  re  it;  usually 
about  two  fifths  of  the  resistance  to  a  flat  circular  substance  of  an  equal 
diameter.  The  resistance  to  the  motion  of  a  concave  surface  is  greater 
then  to  ft  plane,  and  ft  eae^  uiidenrtood,  fhftt  eliiee  tbe  difeeticni  In 
wUcli  Hie  pertielee  ol  the  fluid  leoede  from  Ike  eoUd,  muet  be  mftteriaBy 
ialluiieed  hf^form  ef  fiMP  eefid  esKpeeed  to  their  actloa,  Ibeir  motfon  in 
tbie  «ue  niftsl  be  pftitly  reCtf^gMide^  uliea  fhcy  glide  along  tovrards  the 
edges  of  the  concave  surface,  and  ft  greater  portion  of  force  must  have 
Ixpen  employed,  than  when  they  escape  with  a  smftHer  deviation  from  their 
original  direction.    (Plitf  XXI.  Fif^.  270.) 

For  some  reason  wluch  is  m  t  Nv.  fl  understood,  the  hydratlHc  pressure  of 
the  air  appears  to  be  somewliut  greater  in  proportion  to  its  density,  than 
ttiiof  water.  Itbes  been  Ibimd  that  the  perpendicular  impulse  of  tiie 
air  on  ft  piftnoeiiriiMfl^  ii  mora  than  equivftlent  to  the  iveight  of  ft  oolomn 
of  alrof  ft he^gbt  eomepoftlQiigto  the  Teloei1gr»  and  the  ezceee  it eaid  hj 
enno  to  amoattt  to  oae  third,  by  others  to  two  tbiidB  of  that  ^veigiit.  The 
resistance  appeara  alio  to  be  a  little  greater  for  a  large  suribtce^  tfiftli  for  ft 
nftml^er  nf  fmnller  ones  which  are  together  of  equal  extent. 

The  riMi:  (ance  or  impulse  of  the  air  on  each  square  foot  of  a  surface 
dirtietly  oj  jKisrd  to  it,  may  in  general  be  found,  with  tolerable  accuracy, 
in  pounds,  by  dividing  the  square  of  the  velocity  in  a  second,  cxpreasied 
in  lee^  by  500.  Thus,  if  the  velocity  were  100  feet  in  a  second,  the  pressure 
eBeaefaaqnarafDotwoDtdbeflOponnde;  if  lOMftety  2000  poonde.  For 
fteplietoof  ft  fiMit  in  diameter,  we  may  divide  the  equare  of  the  vdodtj 
1^1600.  Wo  mftjalao  find,  in  ft  efmllarmamier,  the  atmoet  velocity  that 
ft  given  bmly  can  acquire  or  retain  in  falliDg  through  the  air;  for  the 
velocity  at  which  the  reetstance  is  eqval  to  the  weight  must  be  its  Hmit. 
Thn%  if  a  sphere  one  foot  in  diameter  weighed  100  pounds,  the  sqnare  of 
\t»  utmost  velocity  would  he  lfiO,000,  nntl  the  velocity  its(  ]f  l^wi  feet  in  a 
second  ;  if  a  stoncof  such  dimensions  entered  the  atmosj  lH  re  witli  a  greater 
vdoeity,  its  motion  would  very  soon  be  reduced  to  this  limit ;  and  a  lighter 
or  ft  emate  body  would  move  still  more  slowly.    The  weight  of  Mr. 
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GMMte't  pMtela^*  villi  Hi  whok  kid,  fHM  AbMt  ft  ^pHoMr  «r  a 
pMud  lo»  «m3i  aqom  f(Mrt»  tbe  aqiUM  of  Its  gfiitMil  ftlodty  nnui,  tb«n- 
kn,  hsf«  1i0ni  about  125,  and  llw  vdodfy  U  M  in  » iMOBd,  which  laiw 
greater  than  that  wHh  which  a  person  would  ascend,  in  leapii^  from  i 
hei|^  of  two  feet,  without  stooping.  Mr.  Qamerin  found  the  Telocity 
even  less  than  this,  and  it  is  not  improbable  that  the  concave  fonn  of  the 
parachute  roti^iderably  increase  the  resistance.    Thus,  Mr.  ?Mpe- 

worth  louiid  ik;it  u  }>iatQ  y  inches  long,  when  bent  into  an  arc  of  which 
th»«kifil  was  7kf  I^mI  iha  rwrfthinoi  fawMaied  mora  tluta  on*  i>««iitk.t 
Tht  4liBlniilioa«f  lli»f«rirtMac»of  lJi»tir^^  ioiAM  ll 

iliBlnithaatliatof  ihereautiMofiritaP:  tiiii%  ilife  MMhiM  <n 
oUiqiiM  waihem  of  a  wedge  la  not  quite  so  much  leas  than  tbe  milrtimiw 
on  its  bH.He,  as  its  bn-adth  is  less  than  the  length  of  those  surfaces. 

Wlicn  tlie  velocity  of  a  body  moving  throui;h  an  elai^tic  Huid  is  very 
^T'-xf.  fbi"  rrc-  frnf-e  is  incrcnned  in  a  much  f,'reat<T  projKirtion  than  the 
sv(Ui4j«}  uf  Lilt  vriucity  :  thus  the  retardation  of  a  cannon  ball  movint?  with 
a  velocity  of  1000  feet  in  a  second,  or  a  little  more,  becomcH  suddenly 
imidbk  fteater  than  the  oalmhUiuii  indioates,  Thv  reaeoa  of  this  change 
irf«M4»H  tlMtth*  Mndaneitfoli  of  the  oiir  hdm  th»  UU  b  «nrtHrtly 
«MMV>timnaSI»  portioft  which  fa  raj  inknatty 90mpmtn^  teeihii 
the  effect  of  the  iiBpitw  C8Q  only  wpnad  tkroogfa  the  air  with  a  oertais 
Vlllocity  which  ia  not  iBIieb  irreuter  than  that  of  Mie  ba '1  ;  md  tids  «n«llif 
portion  of  air  must  necessarily  be  niacli  more  condensed  than  a  larg6f 
p«rf?nn  wfutl  ]  bave  been.  Tlius,  when  a  cannon  ball  ni<  vr^  slowly,  its 
etiect  at  any  instant  i.s  in  some  degree  divideil  throuj?hi»ut  ail  that  part  of 
the  atnios]>hcre  wbich  the  sound  of  the  rq»ort  has  reached  ;  and  if  tlie  bull 
I^U^ws  the  sound  very  speedily,  it  is  obvious  th^t  the  portion  of  the  ail 
Mtet  Ow  htXk  wtaidi  ptftabet  of  the  «flee^  towt  to  ^ery  snalL  Tlii 
MBnaitQiMrfsdtobe  propagated  with  ft  vvloei^ ol  About  llSOMilift 
pmd,  aii4ft  ^un  Iwll  SMir  ba  di«qh«i8«d  with  ft 

0110  half  of  this  is  very  speedily  b*st,  flO  aftto  l)e  n  bi  Ifj  WWlfWI  Tfifh  T^gftflf 

to  the  effect  of  the  haU.  Uf  tbodfoi^,  we  wish  to  incrcaee  the  noge  ol  ft 

cannon  ball,  we  ?ncTca«e  ha  weight;  for  the  resistance  increases  otdy 
in  prop'rtmn  to  the  surfaoe  of  tint  bftU^  while  the  weight  is  dftermiued  bf 

its  solid  cuiiient. 

It  ia  Qoi  easy  to  expiam,  ut  a  ntiuuict  perfectly  satisfactoryy  the  refloctiuu 
lf  «Ma0hb«U,oref  fteiene,  whieh  etrikee  the  ecnfaeeef  ih«M,otf  of 
ft  pieee  of  water,  in  an  oblique  direction.  We  nifty,  however^  aadgft  eottie 
eensee  wUch  appear  to  he  materially  concemed  in  thia  effect  In  the  fiist 
plftee  the  surface  of  tlio  water,  acting  at  first  for  eome  ^e  on  the  lower 
part  of  the  ball,  jtroduces,  by  ita  frictiotj,  a  degne  of  rotatory  motion,  by 
means  of  which  tbe  ball,  as  it  jtrocceds,  nets  u(k»u  the  mass  of  water  wliich 
ia  heaiied  up  before  it,  an,\  i  oJili^'cd  by  a  similar  fricti  t  i  r-II  tijnvards, 
so  that  it  mounte  again  to  a  much  greater  lieight  than  it  could  poBsihly 

*  Nich.  Joar.  i.  523,  8vo.  ui.  57.  Gilbert's  Joor.  xvi  156, 164, 257.  See  the 

article  Aeronautics,  ^uy]\  to  HncycBlit* 
t  Ph.  Tr.  mi,  Lxxui.  136. 
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have  attained  by  tlie  mere  hydrostatic  pressure  of  tlie  water  at  a  depth  so 
inconsideraWo.  But  a  more  powerful  cause  than  this  appears  to  be  the 
contiiniul  siu-cossioii  of  new  surfaces  which  are  to  lie  depressed,  aud  which 
may  be  supposed  to  react  on  the  baU,  so  as  Ut  imAvice  the  same  effect  as  a 
more  intense  pressure  would  li&ve  done,  if  it  had  coutinued  stationary  ; 
and  the  mutiul  Mtbn  of  water  and  the  ball  my  b«  oon^and  to  tiM 
Impnlse  of  an  oblique  flbMniy  moving  with  the  vokwity  of  tho  baU,  which 
would  impel  it  muoh  mon  powerfnllython  the  eimplo  hydioititdc  pranm 
at  a  much  greater  dflfih.  It  happens  in  this  caiB^  as  in  many  others,  that 
the  ei!^s  which  appear  to  be  the  most  familiar  to  do  not  by  any  means 
admit  the  oleareet      ajmniaat  mrrilftnstiiiiii 
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ON  HYDROSTATIC  IM8TEUMBNT8  AND  HYDRAULIC 

ARCHITECTURS. 

Ws  hxn  BOW  esamined  the  fiudaawiitai  bwi  of  Htm  principal  depart* 
mmte  of  hydiodynaakiea^  whldi  may  bo  ooniidflnd  so  oonatltutiiig  tho 
iliioty  of  tho  aoioneo :  wo  are  next  to  piooeed  to  tbo  application  of  this 

theory  to  a  variety  of  practical  purpoees.  Following  the  Bamo  general 
order  as  we  have  observed  in  mechanics,  our  first  division  will  be  analogous 
to  the  subject  of  statics,  and  will  relate  to  hydrostatic  ins+tniments  ;  the 
second  to  architecture,  containing  some  j)articular8  respecting  canals  and 
embaukmeuts ;  the  third  to  machinery,  comprehending  tlie  modification 
and  application  of  the  force  of  iluids  considere<i  an  inelastic  ;  the  fourth 
and  the  fifth  to  tho  mefliodB  of  laidng  and  removing  weights,  in  which  the 
principal  by  dxanlio  and  pnenmalio  mai^hinoe  will  bo  xeqteotlTely  oxpiainod, 
and,  as  a  part  of  this  aabjeol»  tho  i^lioalion  of  pnoomalio  force  will  also 
be  examined. 

The  prindples  of  hydrostatics  are  very  frequently  applied  to  the  detei^ 
mination  of  the  specific  gravities  of  the  various  productions  of  nature  or 
of  art.  The  dimintition  of  the  apparent  weight  of  a  solid  Iwdy  upon 
immersion  into  a  fluid,  affords  an  easy  method  of  comparing  its  density 
with  that  of  the  fluid.  For  tlie  weiglit  of  the  solid  being  previously 
determined,  if  we  examine  huw  much  that  weight  is  dimiuitihed  by  plung- 
ing the  body  in  pure  water,  wo  shall  havo  flio  wo^t  of  an  equal  bulk  of 
water;  and  thence  we  nay  immediaiely  obtain  the  propoi^on  of  the 
apocifio  giavitj  of  tho  body  to  thai  of  water,  which  is  the  nsnal 
standard  of  comparison.  And  if  we  weigh  a  solid  of  given  magnitude^ 
inr  instance,  a  ball  of  glass,  first  in  water,  and  then  in  any  other  fliu^  flio 
quantities  of  weight  lost  in  each  case  will  be  in  the  same  proportion  as 
the  specific  i^'ravities  of  the  two  fluids.  A  balance  adapted  for  such  exami- 
nations is  called  a  hydrostatic  balance  ;  on  one  side  it  has  a  scale  as  usumI, 
aiid  on  the  other  a  loop  of  fine  wire  or  of  horse  Imir,  fur  liolding  the  solid 
to  be  weighed,  which  may  be  changed  occasionally  for  a  ball  of  gia^, 
snspended  in  a  similar  manner :  somotimcsalso  a  didi  Is  added  fear  holding 
any  loose  substances  which  will  rink  in  water,  proper  oounteipolses  being 
used  aa  equlTaknts  for  the  weight  of  dish  adier  in  mr  or  in  water ; 
and  when  a  body  lighter  tlian  water  is  examined,  a  weight  of  known 
magnitude  and  density  is  employed  for  sinking  it.  (Plate  XXI.  Fig.  277*) 

The  specific  gravities  of  any  substancwi,  and  in  particular  of  such  as  are 
lighter  than  water,  may  also  be  very  conveniently  determined  by  means  of 
a  common  balance,  employing  a  phial  with  a  conical  ground  stopple,  filling 
it  first  witli  water,  and  then  either  witli  a  given  fluid,  or  with  a  jiniti.ni  of 
the  solid  of  which  the  weight  has  been  a»ccr  lamed,  lugetiicr  witii  05  much 
water  as  is  snlBcieBt  to  oxohide  aU  the  air. 
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For  the  ipeedy  aEKmination  of  a  variety  of  fluids,  differing  but  little  in 

specific  gravity  from  some  knovm  standard,  an  hydrometer  may  be  very 
couveuicntly  t'inployf»<l.  This  instrument  1*^  ^^fii  1  to  \v\vc  been  invented  l»y 
Archimedes  :  it  coiiisibt-i  of  a  hollow  Ijall,  with  a  weight  below  it,  and  a 
slender  stem  above,  so  graduated  as  to  express  the  specific  gravity  of  the 
fluid  by  file  degree  to  whicih  ft  (dnki.  Sometimie  the  inetnmient  is  sunk 
to  a  oertaiii  mark,  by  nuaaa  of  welghte  placed  In  t  dish  at  the  end  of  the 
atom ;  or  diffmnt  weigfate  are  fixed  to  it  below,  while  the  graduatioiie  of 
the  Hcale  are  still  observed ;  and  it  may  even  be  appUed  to  finding  the 
specific  gravities  of  solid%  the  solid  being  first  plaeed  m  the  dish  at  the  end 
of  the  Htem,  and  then  In  a  second  dish  whiok  k  iwpoilded  Ivom  the  bii&b 
below  the  writer.    (Plate  XXI.  Fig.  270.) 

Another  iTimle  of  asceriaiiiijig  tlic  ajiecific  jj^avities  of  fluids  difleiing  hut 
little  from  eacii  other  in  density,  is  to  Imvc  a  series  of  globules  of  glass,  so 
h>aded  as  to  correspond  to  Uie  specific  gravities  indicated  by  as  nuuay 
avtaben,  wiueh  art  marked  on  themi  end  thiotvfng  eevaial  «f  them 
together  into  the  JIaid,  te  obeerfe  whieh  of  them  lemaine  nmtlj  atitioDaiy 
wilhoat  eithn  riahg  to  the  earfiMe  or  ankhtg.  This  method,  thoi^  net 
expeditious,  appears  to  be  very  eedore  from  error :  the  globules  are  sold  by 
patent,  adapted  for  the  roeieonoiient  of  the  strength  of  spirituous  liquors. 

In  whatever  manner  we  compjirf^  the  specific  irrnvities  of  bodice  with 
that  of  water,  it  is  necessary,  for  very  accurate  experiments,  either  tlmtthe 
water  l>e  emi)loyed  at  the  temperattire  of  tlie  air  when  moderately  warm, 
or  timi  a  proper  correction  should  be  mode  for  its  change  of  bulk  at  dif- 
fiareat  temperelmeaf  Platilia»  the  ilenawiit  known  inbliaiiei)^  fa  aatimeeaa 
heavy  as  difltilkd  WAtv,  gold  19b  tmcKty  lead  lU,  sUter  11*  eoppea 
9,  iran  and  steel  71,  eUmy  eahstaaeee  asoaUy  about  nettfied  spiiital, 
teplttha,  the  ligktMt  lipoid,  eoikaboal  eommon  air  steam  -riVn 
and  pure  hydrogen  gas  -rjxnrv  From  this  comparison  the  weight  of  a  cubio 
foot  of  any  of  these  sub.Htanrc:i  may  he  easily  det^mlned  :  siiK'e  a  eubie 
foot  of  water  weiirhs  nearly  1000  ounces  avn!rdnpoi*5,  dv  luon-  lu  arly  lM)8| 
thus  a  cubic  foot  of  guld  w  ould  weigh  about  l:0,i)Ofj  ourKt  s,  (iti  I  be  worth 
above  U0,000  pounds  steiliug  ;  a  cubic  foot  of  iron  weigiu  77oO  ounces,  and 
a  enbie  foot  of  common  stone  aboot  2§00, 

,  The  method  of  mtaioAv  the  balk  of  aoUdhodMe  by  iameiiing  them  in 
a  flai^  wae  a^ed»  bj'ils  inrrtilor  ArcUmede%  to  the  deteetfon  of  afrftad 

in  the  aemposition  of  mixed  metal  and  at  pneent  the  pritfdpel  use  of 
hydrometer^  is  lot  aeeettainilig,  by  the  specific  gravity  of  a  oompoand  of 
alcohol  and  watfr,  the  proportional  quantities  of  its  ingredients.  But  in  all 
experiments  of  this  kind,  it  is  ncce-snry  to  be  aware,  that  a  considerable 
cliange  of  the  joint  bulk  of  two  hubstuuet^  often  proilncL  l  l  y  tliiir  mix- 
ture :  and  that  in  general  Uicir  dimeusionn  are  considcrubiy  contracted. 
Thus,  18  gallons  of  water,  and  18  of  akohol^  instead  of  gallons,  make 
only  oonseqtientily  tha  opesifie  granty  «f  the  oompoand  ie  one  astlt 
greater  than  the  mean  eCthoipeclfio  gta^tiee  of  the  iiqpredieata,  And  in 
some  eaeee  the  whole  diMMioae  of  a  siggte  eabetanee  uagr  etoi  ba  den> 

*  Vitcurini,  Arelafeet.  1.  i«.  o.  13. 
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tnM  bj  th«  addttioii  «f  anollMr  iubitfiioe  i  Uuu  iron,  by  thQ  nddition  of 
MM  dglith  of  Its  bulk  of  pbtfaty  beooBMi  MlnctiA  tn*  IMetti  ^  tha 
balk. 

TheiiMof  dMcpirit  bni  depends  on  the  tendency  of  aUflnifb  to  fv^ 
serve  •  borboatal  surface,  and  the  £rMdooi  witfi  wbiah  Um  pwttoks  of 

fluids  move  nn  each  other,  renders  it  an  Instrument  capable  of  the  greatest 
delicacy.  A  tube  which  is  very  slightly  curved,  being  nearly  filled  with 
alcohol  or  ether,  an*l  then  perfectly  closed,  the  bubble  will  always  rise  to 
the  highest  part  of  tlie  tube,  aiid  will  never  be  stationary  at  the  puiat  which 
is  marked  as  its  proper  place,  unless  the  inulrumsnt  be  very  accurately 
hofiMBtal,  w  In  the  mm  pmWob  in  trbldi  the  mmxk  ww  adjusted.  The 
wifiMM  «f  flw  bnbUe^  q^nriilly  wben  It  Is  mall»  ctanot^ln  a  ibriul  mam^ 
be  eeHed  petfeeUy  herinwitol,  rinm  He  fonn  sppioidMi  nemfy  te  thai  td  • 
ipbere ;  but  in  order  that  the  centre  of  gravity  ef  the  wiler  nuiy  atiiin  the 
lowest  possible  situation,  the  bubble  mu»t  neeMuilj  OMVpty  the  b%|ieit 
point  of  tbo  tube.    (Plate  XX 1.  Fiir.  271).) 

The  pnnciples  of  hydrostatics  have  been  employed  in  various  ways  for 
supplyincr  lumps  with  oil.  It  is  found  that  a  lamp  will  burn,  without eon» 
Burning  auy  oonsideraLle  portion  of  its  wick,  as  lou|^  as  it  is  amply  supplied 
wllhotti  beneeitbeeoneedMinUe  Hiat  it  ^wdd  alwigri  be  krdl  vitb 
the  enifeee  ef  the  leaetvofar,  and  this  may  be  efteled  siAeisatily  ifaQ  bj 
plaefaigthe wiekattfaeedgeef  aTujlsigsTSMl^ar  eftlhaflodiif  atnbe 
prejeetiny  frem  such  a  vmmI*  or  fnm  a  iwel  elosed  ahoiv^  and  epenla^ 
only  liy  an  etiflce  below,  which  lets  in  the  air  as  the  oil  taeapei  thvonglLi^ 
But  all  these  metho«l<^  are  often  attende<l  with  inconrcnienofw  of  various 
kinds,  especially  where  tlie  lamp  in  to  he  employpf!  like  a  candle,  and 
plAced  on  a  table.  A  French  ui  limI  has  appiieii  a  little  {mmp,  which  is 
worked  by  means  of  a  spnug,  for  raLiiug  the  oil  from  a  ve^l  under  Uw 
lamp  ;  bat  this  fdbieiiMBt  ie  too  complicated  to  be  practically  us^ol.  Mr. 
Kelt's  IsBp  •  eontslns  a  divided  cetvlty,  one  past  ef  vhicb  «  ftlbd  wi^ 
andlhealiief  williaealiBe  er  eaeehsrine  flnid  of  greetar  daullj,  so  lluit 
when  the  oil  contained  in  the  uppor  part  of  the  tube  Is  ezhstteledy  Us  plsea 
is  partly  8upi>lied  by  a  fresh  portion,  whidh  Is  IsMed  up  in  conisqnue  of 
the  descent  of  the  denser  fluid  in  a  much  larger  vessel.  Still,  however,  the 
surface  must  be  lowereil  bv  (lp^TnM»»^ ;  but  by  coinbininfr  the  invention  with 
Dr.  Hooke's  Heniicylindricai  couiiterp«i»©,t  a  iittie  mo<iified,  the  hei^'ht  of 
iltis  fluid  may  be  so  rej^ulatcd,  that  the  surface  of  the  oil  may  remain 
almost  invariable,  until  Ute  reservoir  is  quite  exliausted.  For  this  puipooe, 
theeeotnef  giavlty  of  the  oonnterpobe  mast  be  a  MOs  higbet  then  the 
line  whioh  Mecete  It ;  and  Its  epeoUo  giavilgr  matt  be  abovt  tkne  ianilhs 
ae  gieet  es  thst  of  the  ilnid ;  and  In  this  manner  it  may  be  mads  ta  aim 
tifce  sntlbee  of  the  heavier  finld,  in  proportion  as  a  greater  qimntilgr  of  it 
escapes,  to  supply  the  plaee  of  the  oil ;  and  to  keep  it  always  at  a  snfiident 
heij2:ht  above  the  surface  which  separates  it  from  the  oil,  «<»  that  the  wiok 
may  be  amply  and  almost  unif  trmly  supplied,    (Plate  XXi.  Fig.  28<).) 

The  art  of  embankment  b  a  braucli  of  architecture  entirely  dependent  on 


*  Nich.  Jour.  lit.  467. 
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hydioslaiieal  and  hydnnlic  principlM.  In  Holland  and  in  mm  parU  of 
Germaiiy^  tliia  art  is  indispensable  to  the  existence  of  large  tracts  of 
country ;  and  even  in  this  island  it  has  been  of  eactensive  utility,  in  gaining 
and  Becuring  ground  on  the  sea  coast.  The  construction  of  canals,  and 
the  manap^ement  of  rivers  and  harljoiir?,  are  also  dej)endent  on  tlie  same 
principles;  and  these  important  BuhjeeU  have  been  discussed  by  various 
writers,  in  many  copious  treatises,  expressly  devoted  to  hydraulic  archi- 
tecture. 

When  a  bank  or  dike  ia  to  bo  eonstrnctod,  it  mnst  bo  eompooed  of  ma- 
toriala  eapaUa  of  reoistiqg*  hy  tfa^  weight,  the  oflbrt  of  the  Ihitd  to  orer- 
turn  them  •  by  their  lateral  adhedon,  the  force  tending  to  thrust  them  aside 

horizontally ;  and  by  their  density  and  tenacity,  the  penetration  of  tlie 
water  into  their  substance.  If  the  water  l)e  in  motion,  they  must  also  be 
able  to  resist  its  friction,  without  being  carried  away  by  it,  mvl  they  must 
be  arranged  in  such  a  fonn,  as  to  he  least  liable  to  be  undermined.  For 
niany  of  these  reasons,  the  surface  of  tlie  bank  exposed  to  the  water 
must  be  inclined  to  the  horizon  :  the  line  expressing  the  general  direction 
of  the  pvBssuze  of  the  water  ought  to  be  eonfined  entiiely  within  ita  soV- 
atanoo»  so  that  no  foroe  thus  applied  may  bo  able  tooTortuzn  it  aa  a  whole; 
and  thui  condition  will  always  be  lUiillod,  when  the  vdesof  tha  bank  make 
an  angle  with  each  other  not  less  than  a  right  au^Oi  The  preimire  acting 
on  a  bank  thus  inclined  will  also  tend  to  condentic  the  materials,  and  to 
increase  their  lateral  adbe«!on,  and  the  partirlps  will  become*  less  liable  to 
cninibJe  away  by  their  iu^ht,  tlum  if  tlie  surface  were  mure  nearly  ver- 
tical. For  embankments  opposed  to  tiie  sea,  a  bank  much  inclined  has  also 
the  additional  advantage  of  brealcing  the  force  of  the  waves  very  effectually. 
An  embankmont  of  this  kind  ia  usually  fanishsd  with  drains^  Ibnaod  by 
wooden  pipes  or  by  Inickworkv  closed  by  ftlUng  doofa  or  Talresy  whiok 
aBow  Uie  water  to  flow  out  at  low  wat«r,  but  do  not  permit  tha  tide  to  enter. 
To  prereni  the  penetration  of  the  water,  day  is  often  used,  either  mixed 
with  gravel  or  sunk  in  a  deep  trenoh  out  on  eadi  side  of  the  eaaal  or  r^ 
servoir.    (Plate  XXI.  Fig.  281.) 

The  greater  or  h^n  velocity  of  a  river  mnst  determine  what  substances 
are  capable  of  witlistanding  its  tendency  to  disturb  them  ;  some  are  carried 
away  by  a  velocity  of  a  few  inch^  in  a  second,  others  remain  at  rest  when 
the  ▼eloeity  amounts  to  aeveial  M.  But  in  general,  tha  velocity  of  a  rirer 
ia  iuHicient  to  produce  a  grsdual  transfer  of  the  partidaa  of  its  bed,  which 
ate  shifted  alowly  downwards^  towardsthe  sea»  being  oceasiooally  depoeited 
in  those  parts  where  the  water  has  least  motion,  and  aerHng  at  last  to  form 
the  new  land,  which  is  always  advancing  into  the  sea,  on  eacli  aide  of  the 
mouth  of  a  large  river.  It  has  been  recommended  as  a  good  form  for  a 
navii^iililt  river  or  canal,  to  make  the  breadth  of  the  h(»rizontal  liottom  one 
fifth  of  that  of  the  surface,  and  the  depth  three  tentlis.  (Plate  XXI. 
Fig.  282.) 

If  a  canal  or  a  resorvoir  won  confined  by  a  perpendienlar  snrlkoe  of 
boards,  and  it  were  vequind  to  support  it  by  a  single  prop,  the  prop  should 
be  placed,  aa  we  have  already  seen,  at  tho  distance  of  onetliird  of  the  whole 
height  from  the  bottom ;  Imt  it  would  be  always  more  convenient  in  prac> 
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ike  to  fix  fhe  tide  of  th«  iwMroir  at  the  Iwttom,  than  to  allow  the  whole 
pnaenre  to  be  supported  hy  the  prop,  and  H  might  also  he  itrengthened  by 
mesne  of  ribe»  thicker  below  than  aboTe^  eo  aa  to  pndnoe  an  equal  efcnngth 
throughout,  whererer  the  prop  might  be  placed ;  but  if  the  eide  were 
fovned  of  a  single  plank  of  uniform  thiekness,  tlu  strain  ^vould  l>e  raoit 
equally  divided  by  placing  the  prop  very  near  the  mi  idle  of  its  height 

The  strength  of  the  materials  cniployod  for  flood  t;ates  and  sluices  requires 
to  be  determined  according  to  tli!  priiu  iples  wliich  have  been  laid  down, 
in  treat  in?  of  tbe  passive  stren^'th  of  sjubstances  use<l  for  pur])08eB  simply 
mechanical ;  but  the  calculations  become  in  this  case  much  more  intricate. 
Tbne,  if  we  haye  a  drcnlar  plate  or  plank^  of  a  nmfonn  elaetie  ettbatance, 
conetoting  the  bottom  of  a  pipe  or  cietem,  and  dmply  supported  aithe 
cirenrndfimnee^  a  very  oomplicated  calculation  is  required  for  determining 
the  proportion  of  ita  atrength  to  that  of  a  aquare  plate  of  the  same  breadth, 
anpported  only  at  two  oppodte  ends,  eince  at  eiwh  point  of  the  oireakr 
piece,  there  are  two  curvatures  wliich  require  to  be  considered.  Tlic  square 
plate  will  support  a  coluTnn  ( f  flniM  twice  as  heavy  as  tbe  weiijht  which 
would  l)ruak  it,  if  plaw  l  at  its  <  entre;  and  if  1  have  l)een  correct  in  tlie 
calculation,  a  circular  piute  will  support  a  height  of  water  nearly  sixteen 
eerenths  as  great  as  a  square  plate.  But  for  ordinary  purposes,  it  will  be 
anfficient  to  consider  the  strength  aedoired  only  from  thereristance  oppoeed 
to  the  flexure  in  one  dlreotion,  aince  the  additional  atreugtli,  obtained  team  tiie 
lateral  tnpporta*  may  vetypuqieriy  be  negleetedyaa  only  aaaiating  in  afibrd- 
Ing that  additional  security  which  is  always  Tieoeseary,  to  compensate  for 
any  accidental  defects  of  the  materials.  It  has  been  asserted  that  the 
strencrtb  of  a  square  plate  is  doubled  when  it  ia  auppoited  on  both  ridea; 
but  this  appears  in  be  n.  mist<ike. 

We  may,  therefore,  l>e  contented  with  determining  tht*  btiain  on  the  ma- 
terialfi  in  tliat  direction  in  which  they  afford  the  greatest  resistance,  either 
ftum  the  ehofter  distance  between  the  supports,  or  by  the  di^ontion  of  Hio 
fibfee;  and  it  will  be  always  moat  eligible  to  combine  theae  cirenmatancea^ 
ao  that  the  fibfca  of  the  wood  nmy  be  anranged  in  the  direction  of  tlie  ahort- 
eet  dimenalona  of  the  duice.  If  a  sluice  be  snppciled  abovu  and  below 
only,  the  greatest  strain  will  be  at  the  distance  of  about  three  sevenths  of 
its  height  from  the  bottom  ;  and  It  is  at  this  point  that  the  greatest  strength 
i"  required.  But  if  the  boards  forming  the  sluice  be  fixed  across  it,  in  hori- 
/.ontnl  directions,  their  strength  must  be  greatest  at  the  bottom.  (Plate 
XXI.  Fig.  283.) 

In  tii»  construction  of  flood  gateti,  tlie  principles  of  carpentry  must  be  ap- 
plied in  s  manner  needy  rinllar  to  that  which  aerree  for  the  determination 
of  the  best  foima  of  roolk.  Tlw  flood  gatea,  if  they  are  double,  without  a 
solid  obatads  between  them,  must  meet  at  an  angle :  and  when  this  angle 
b  very  open,  tbe  thruat  sgaiiiat  the  walb  or  hinges  must  neceaaarily  be  Tsiy 
great.  If,  however,  the  angle  were  too  acute,  the  flood  gates  would  require 
to  he  If  n^fthened,  and  in  this  case  their  strength  would  he  far  more  dimi- 
niiihed  than  that  of  a  roof  similarly  elevated,  since  the  hydrostatic  y»reHi<ure 
acts  always  with  full  force  in  a  perpendicular  direction.   The  thickness 
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vsqnM  for  weh  flood  gate  may  bo  dotatmiiiad  in  tha  aaaa  mannar  as  t)io 

tliickncss  of  a  diiioa. 

Where  a  eluice  lioard  of  oonaiderable  dimensions  is  to  be  occasionally 
raised,  it  may  he  necessaiy  to  ascertain  tlie  force  which  will  l)erequire«l  for 
overcoming  its  friction  ;  tliis  frirtioti  im  ncnrly  |)roportioual  to  tlie  whole 
pressure  of  the  water,  and  may  l>e  foun<l,  with  sutbciont  accuracy,  in  pounds, 
by  multiplying  the  square  of  the  depth  of  the  sluice,  in  feet,  by  10.  Thus, 
if  thfi  depth  be  3  feet,  the  fnction  or  adhesion  will  be  about  90  pounds  for 
oadi  &ot  of  tba  liNadth. 

If  tho  «de  of  a  oanal  gina  way,  it  ia  aocMfeniiof  oonaeqiuiiM  to 
fint,  as  much  as  poaaiUa^  tba  taoapa  of  tiie  wai«r.  For  tlus  purpoaa  it  ia 
naoal  to  hare  doors  or  valves  in  various  parts  of  the  canal,  which,  when  tba 
water  is  at  rest,  lie  nearly  flat  at  the  ])Ottom  ;  but  when  it  begins  to  run 
over  them,  w  it]i  a  considerable  Taio6My«  tby^  an  laiaad  by  ita  fono,  and 
put  a  stop  to  its  motion. 

The  utility  of  tlie  introduction  of  canals  into  a  commercial  country  may 
be  estimated  in  tome  meanure  by  the  eUect  of  the  saiue  labour,  employed  in 
ninoTiiig  weights  by  Iiad  oartiaga  and  by  wator.  Tlius,  a  single  boM  can 
aoaieely  dmw  awmthan  a  ton  weiglit  on  tlia  baat  md,  bnt  on  a  aam^  ttia 
aame  bona  oan  dnw  •  boat  of  80  tooa  at  the  aama  nta. 

The  construction  of  piers  and  quays,  and  the  management  of  harboai% 
are  also  important  departments  of  hydraulic  architecture ;  it  often  happens 
that  besides  the  application  of  the  genprnl  prinriides  of  mechanics  and 
hydrostatics  to  these  purposes,  the  peculiiir  cik  uiusUinces  of  the  case  may 
induHte  to  an  intrenious  artist  a  mode  of  performing  the  required  work  in 
an  effectual  and  eoououm^  mauuer.  We  may  hud  a  good  example  of  such 
an  anangemen^  in  the  acoonnt  giTe%  by  Mr.  Smeaton,  of  the  mtthod 
vUdi  lieadoptad  fear  the  Smpravamantcf  the  port  of  Bamagata,*  and  wUeh 
Indeed  laa— hlaa  aome  that  liad  bean  brfbra  foiployed  iniiniilaroaBaat  faj 
forming  a  large  excavation,  wliidh  la  famiiliad  with  flood  gatM^md  ia  oon- 
elantly  filled  at  high  water,  he  haa  prooorad  a  number  of  artificial  torrenti^ 
which  escape  through  the  sluices,  and  become  powerful  aj^onts  for  currying 
away  tlie  matiar  depoeited  hy  the  Mi^&iid  (endiog  to  iup^  the  pavigatkm 
of  the  harbour. 
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ON  TUK  REGULATION  OF  HYDRAULIC  FORCES. 

TaotB  modifieaUoiu  of  the  motions  of  fluids  which  are  employed  either 
for  oondacting  them  from  place  to  phoe,  or  for  applying  their  powers  to 
the  production  of  mechanical  effects,  may  be  considered  as  constittiting  a 
^parate  (iivi«iioTi  of  practical  hydraulics,  which  is  atudogoos  to  the  subject 
of  geneml  machinerv  in  practical  worhanics. 

A  8up}»ly  of  wattr  may  be  obtaineci  from  a  reservoir  situated  above  the 
level  at  which  it  is  wanted,  whatever  its  distance  inav  be,  eitlier  hy  moans 
of  open  canals,  or  aqueducts,  or  of  closed  pipes.  Where  an  uniuten-upted 
dedivlty  cannot  be  obtdned,  it  is  ncoe8SAr>  to  employ  pipes,  which  may  be 
bent  upwards  or  downwards  at  pleasure,  provided  that  no  part  of  them  be 
mors  than  thirty  feet  above  the  reservoir^  and  when  the  pipe  is  once  filled, 
the  water  will  continue  to  flow  Irom  the  lower  orifice ;  but  it  is  best  in  all 
such  esses  to  avoid  unnecessary  angles ;  for  when  the  pipe  rises  and  falls 
again,  a  portion  of  the  air,  which  is  always  contained  in  water,  is  freijuently 
collected  in  the  an^le,  and  very  nuiterially  impedes  the  [  i  l'iph;*  of  tho 
water  throntrli  the  pipe.  When  the  bent  ]<Hrt  '\h  wholly  below  ihe  orifieen 
of  tlie  pipe,  tins  air  may  be  discharged  by  various  methods.  The  ancients 
used  small  upright  pipes  called  columnaria,  rising  from  the  conveidty  of 
the  principal  pipe,  to  the  lerel  of  the  reservoir,  and  suftring  the  air  to 
eaeape  without  wasting  any  of  the  water.  It  may  however  frequently  be 
inconvenient  or  impossible  to  apply  a  pipe  of  this  kind ;  and  the  same  pur- 
pose may  be  answered,  by  fixing  on  the  pipe  a  box  containing  a  small  valve, 
which  opens  downwards,  and  is  supported  by  a  float,  so  as  to  rem^n  shut 
while  the  hox  in  full  of  water,  and  to  fall  open  when  any  air  is  collected  in 
it.    (Plate  XXr.  Fig.  284.) 

If  the  pipe  were  funned  into  a  siphon,  having  its  flexure  above  both 
orifices,  it  would  be  necessary  to  bend  it  upwards  at  the  extremitias,  in  order 
to  keep  it  always  full ;  but  in  this  case  the  accumulation  of  the  air  would 
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T>e  extremely  inconvenient,  since  it  would  collect  so  much  the  rnnri>  copiously 
an  the  water  in  the  upper  part  of  the  pipe  would  be  more  fret'  from  pres- 
sure, and  neither  of  the  methods  which  have  been  mentioned  would  lie  of 
any  use  in  extricating  it.  It  has  been  usual  in  such  cases  to  force  a  quau- 
titj  of  wftter  violently  thiongh  the  pipe,  in  order  to  cany  the  air  with  K ; 
hnt  perhaps  the  same  effect  might  he  produced  much  more  easily,  hy  making 
a  small  airtight  valve  in  the  upper  part  of  the  pipe,  opening  outwardly  and 
a  stopcock  immediaUily  before  it:  the  stopcock  being  suddenly  turned  aa 
often  as  might  he  necessary,  the  momenttim  of  the  water  in  the  pipe  would 
probably  carry  it  forwards  with  suthcient  force  to  throw  out  the  air  ;  or  if  it 
were  necessary,  external  pressure  nii«?ht  ho  added,  and  the  air  might  even  in 
this  iuaaaer  \)e  dincliargeU  by  the  valve  much  uiure  readily  than  witliout  it. 
But  it  might  l)e  still  simpler  to  have  a  pretty  lai^e  v^sel  of  water  screwed 
on  to  the  pii)e,  which  would  not  be  filled  with  air  for  a  conrnderable  time ; 
and  which,  when  full,  mightbetaken  off  and  replenished  with  water.  (Plate 
XXL  Fig.  286.) 

The  diameter  of  a  pipe  required  for  conveying  a  given  quantity  of  water 
to  a  given  distance  may  be  calculated  from  the  experiments  of  Mr.  Buat, 
which  have  heen  already  mentioned.  Pipes  are  ufmally  niade  of  wood,  of 
lead,  or  of  cast  iron,  liut  most  commonly  of  lead  ;  and  of  late  tinned  copper 
has  been  employed  with  considerable  advantage.  A  pipe  of  lead  will 
bear  the  presisure  of  a  column  of  water  100  feet  high,  if  its  thickaess  be 
one  hundredth  of  its  diamHer,  or  even  less  than  this ;  but  when  any 
alternation  of  motion  is  produced,  a  much  stronger  pipe  is  required^  and 
it  is  usual  to  make  leaden  pipes  of  all  kinds  Sat  thicker  than  in  this  pro- 
portion. 

The  form  «nd  construction  of  stopcocks  and  valves  are  vexy  various,  ac- 

cordinjj  to  their  various  situations  and  uses.  Stopcocks  usually  consist  of 
a  cylindrical  or  conical  part,  j)erforated  in  a  }):utiiular  direction,  and 
capable  of  being  turned  in  a  socket  formed  in  the  1  i[  ' ,  >•»  as  to  open  or  shut 
the  passage  of  the  fluid,  and  sumetime^i  tu  form  acoinuuniication  with  either 
of  two  or  more  vessels  at  pleasure.  A  valve  is  employed  where  the  fluid 
is  to  be  allowed  to  pass  in  one  direction  only,  and  not  to  return.  For 
water,  those  valves  are  the  best  which  interrupt  the  passage  least ;  and  none 
appears  to  fulfil  this  condition  bettw  than  the  common  dadc  valve  of 
lesAber,  which  is  generally  either  single,  or  divided  into  two  parts;  but  it 
Is  sometimes  composed  of  four  parts,  united  so  as  to  form  a  pyramid,  nearly 
resembling  the  double  and  triple  valves  which  are  formed  by  nature  in  the 
hearts  of  animals.  A  Txtard,  or  a  round  flat  ]  !( <  c  of  nu-tal,  divided  un- 
equally by  an  axis  on  wiiich  it  moves,  makes  also  a  very  guixl  simple  valve. 
Where  a  valve  is  intended  to  intercept  the  passage  of  steam,  it  must  be  of 
metal ;  snch  a  valve  is  genemlly  a  fiat  plate,  with  its  edge  ground  a  littie 
oonicsUy,  and  guided  in  its  motion  by  a  wire  or  pin*  For  air,  valves  are 
eommonly  made  of  oiled  silk,  supported  by  a  pexfoiated  plate  or  grating, 
(PUte  XXL  Fit;.  2an,  287.) 

Before  we  eonsider  the  application  of  the  force  of  fluidsin  motion  tr>  prac- 
tical purposes  wo  Tnust  attend  to  the  mt-tluxls  of  measurini»  the  velocity  of 
their  motions.   This  may  be  done  either  by  a  comparison  with  linear  mea- 
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•■n^QrbjIiiilnuiMiililbaBdcdontlw  kwiof  hj^  One 
of  the  best  of  aneh  inetnuneiitB  iathe  tabe  inToited  bj  Pitot,*  and  fanpioved 

hj  Bnakf  A  funnel  is  presented  to  the  stream,  and  the  water  in  a  rertical 
tube  cooneeted  with  it  is  elevated  above  the  level  of  the  river,  nearly  to  the 
height  corre^^ondinj*  to  the  velocity  :  hxii  it  is  said  t>ifit  fho  result  will  ho 
less  liable  U)  error,  if  the  funnel  be  covered  by  n  plate  w  ith  a  small  orifice  in 
its  centre,  the  elevation  he'xujz  in  this  ch.hc  always  half  as  <jn^at  atraia  as  Uie 
height  due  to  the  velocity.  Otlier  iiistruiuenta  intended  for  the  same  pur- 
pose, require  some  previous  experiments  for  deicrmining  the  degree  in 
wb&di  Ouj  am  afleded  bjr  diliiBrent  vdoeitite ;  in  this  manner  the  hydro- 
metiieal  fly  ie  a4|nated  ^  the  impohN  of  the  water  on  two  inclined  planes 
taming  an  axis  to  whiidi  they  are  fixed,  and  by  its  means  a  series  of  wheels, 
with  an  index,  which  expresses  the  space  described  daring  the  time  of 
observation.  Instruments  similar  to  tliese  have  also  .sometimes  been  em- 
ployed, for  niea-jn  ring  the  relative  velocity  with  which  a  ship  under  way 
pas.ses  tlirouij;h  the  water  ;  and  an  apjiaratus,  resembling  Pitot's,  has  been 
adapted  to  this  purpose  by  Captain  Hamilton,  with  the  addition  of  a  tube 
inserted  into  it  on  a  level  with  the  surface  of  the  water,  which  continually 
disehaiges  a  small  stieam  into  a  reservoir  with  a  velocity  regulated  by  the 
pMBon^and  conseiiaently  equal  or  propoitional  to  that  of  the  ship  it0elf,§ 
In  this  manner  he  obtains  an  aeearate  register  of  the  whole  distance 
described,  including  the  effiset  of  all  the  variations  of  the  velodty.  Vthe 
orifice  be  small,  it  will  be  nec^sary  to  attend  to  the  tempetatare  of  the 
water,  since  the  discharge  is  considerably  retartled  by  any  considorable 
degree  of  cold.  But  when  the  ajierture  which  determines  the  maunitude 
of  the  diiicharge  is  wholly  under  water,  as  (^aptain  Hamilton  lias  placed 
it,  this  source  of  error  b  probably  much  diminished.  (Plate  XXII.  Fig. 
288,288.) 

The  motions  of  the  air  may  also  be  measared  by  instroments  similarto 
those  whidi  an  employed  lor  determining  the  relodty  of  streams  of  water. 
The  direction  of  the  wind  is  sometimes  indicated  by  a  wind  dial,  conneting 

simply  of  an  index,  connected  by  wheels  with  a  common  vane  or  weather- 
cock. Its  velocity  may  be  found  by  means  of  wind  gages  of  different  kinds  :|1 
tliese  are  sometiTiifH  c  nHtructcd  y>y  opposinsr  a  f^at  surface  to  the  wind,  the 
prtji^ure  beini^;  nuHsured  by  the  ilexure  of  a  spriuLr,  or  by  the  winding  up 
of  a  weight  on  a  spiral  barrel  ;  and  BometnticH  by  receiving  the  stream  in 
the  month  of  a  funnel,  so  as  to  raise  a  column  of  water,  in  a  vertical 
tube,  to  a  height  eqaivakmt  to  the  pressnre^  or  to  condense  a  qaantity  of 
air  indosed  in  a  cavity,  to  a  degree  which  is  indicated  by  the  place  of 
a  small  portion  of  mereory,  moving  in  a  horisontal  tabe^  which  leads  to 
the  cavity.  A  little  windxnill,  like  the  hydrometrical  fly,  may  also  be 

•  Hist.et  M^ni.  .!<  I'Acad.  de  Par.  1732,  p.  263,  H.  103. 
t  Priocipes  d'UvdnuiUque,  vol.  ii.   See  also  Langsdorff's  Hydraolik,  PI.  25. 
t  Braoebwr't  Madrine,  Hist,  et  Mto.  de  Paris,  1750,  H.  169.  Woltnsaa, 
Tbeorie  des  Hydrometriiicheu  Fliigels,  Hamb.  1790. 
§  Papers  on  Naval  Architecture.  Repert.  ii.  1.  355. 
I  8oeh    lind's  Wnd-Goge,  Ph.  Tr.  1775,  p.  353. 
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employed  far  measuring  Uie  veloci^  of  the  wind,  with  the  asaistauce  of 
a  watch.* 

The  principal  metliodii  of  applying  the  force  of  fluids  to  useful  purposes 
are  to  employ  their  weight,  their  impulse,  or  their  preasure.  The  weight  of 
water  may  be  applied,  by  colleeting  it  in  a  leeervoir  which  alternately 
aacends  and  deaeenda^  by  canung  it  to  aet  within  »  pipe  on  a  moveable 
pislon»  or  by  oonduetbg  it  into  the  bncketa  of  a  revolTing  wheel ;  ita 
impnlae  may  be  direeted  either  perpendicularly  or  obliquely  against  n 
moveable  anrfiMse;  and  ita  pressure  may  be  obtained,  without  any  imme- 
diate impulse,  by  causing  a  stream  to  flow  horizontally  out  of  n  m ovonblft 
pipe  which  revolves  round  an  axis.  The  force  of  the  air  can  only  be  ajt]  1  i 
by  means  of  its  impulse,  aud  this  may  be  employed  either  perpendicuiiiriy 
or  oblitjuely. 

When  water  ia  eoUeoted  in  a  single  xeaervoir,  which  aervea  to  work  n 
pump  or  to  raiae  a  we^ht^  the  mode  of  ita  operation  may  be  deteimined 
from  mechanical  oonBideratioiia  only ;  and  it  ia  obTiona  that  if  we  axe  do- 
airous  of  preserving  the  whole  force  of  the  water,  we  must  employ  a  aeeood 
T^rvoir  to  be  Ailed  daring  the  descent  of  the  first,  which  may  either 
descend  in  its  turn,  or  empty  itself  into  the  first  when  it  has  ascended 
again  to  its  original  situation.  The  action  of  a  column  of  water  incl<)se<l  in 
a  pipe,  is  of  a  nature  nearly  Hiniilar  to  that  ui'  such  a  reservoir,  excepting 
tliat  the  apparatus  is  more  liable  to  friction  ;  the  arrangement  of  its  parts  is 
nearly  nmUar,  although  in  an  inverted  poaition,  to  thaiwhidi  ia  more  com- 
monly employed  for  laiaiiig  water  by  meana  of  pumpa.  But  both  theae 
methoda  of  employing  the  wei^t  of  water  are  in  great  meaaure  confined  to 
those  cases  in  which  it  b  to  be  procured  in  a  small  quantity,  and  may  be 
allowed  to  descend  through  a  conaiderable  height^  and  when  the  circum- 
atances  do  not  allow  us  to  employ  machines  which  require  a  cp-eater  spaee. 

We  have  seen  that  in  order  to  detennine  the  eftVct  of  any  force  employed 
in  machinery,  we  njust  consider  not  only  its  ina;;nitii<le,  but  also  the  velo- 
city with  which  it  can  be  brought  into  action,  and  we  luu&t  estimate  tlie 
ultimate  value  of  the  power,  by  the  joint  ratio,  or  the  product,  of  the  force 
and  the  velocity.  Thus,  if  we  had  a  com  mill,  for  example,  in  which  we 
wiahed  the  millstone  to  revolve  with  a  certain  velodty  and  to  overeome  n 
given  reaiatanoe,  and  aoppoaing  that  this  eflect  could  be  obtained  by  means 
of  a  certain  train  of  wheels  from  a  given  source  of  i  m  tion  ;  if  the  velocity 
of  the  motion  at  its  source  be  reduced  to  one  half,  we  must  d(]uble  the 
diameter  of  one  of  the  wheels  by  which  the  force  is  communicated,  in  irder 
to  g-ive  the  millstone  the  desired  velocity,  and  tlni-^  we  must  introduce  a 
mechanical  dii»ad vantage,  which  can  only  be  compensated  by  a  double  in- 
tensity in  the  force  at  ita  origin. 

If  we  apply  this  estimation  of  eflfect  to  the  motion  of  an  ovmbot  wheel, 

*  Haygens,  Mach.  Appfouv^es,  i.  71.  Sir  C.  Wren's  Weather- wiser,  Birch's 
Htlt.  of  the  Roy.  Soc.  i.  341.  llookes  in  his  Philoa.  Experiments,  &c.  edited  by 
Derham,  p.  41.  Whe well's,  Trans,  of  the  Camb.  Ph.  Soc.  vol.  fi.  Osier's,  Report 
of  the  Br.  a.sh.  vol.  vii.  Sections,  p.  33,  and  Description  ef  a  Setf^ragistflring  AM* 
moawter,  ite,  Ato,  iM««ii«g»«t»«,  ia39. 
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we  sliall  find  that  the  velocity  of  tlie  wheel,  and  consequently  its  breadth, 
and  the  nincnitnde  of  its  buckf^ts,  is  perfectly  indifferent  with  respect  to  the 
value  of  its  o])eratiou  :  for  supposing  tlu*  stream  to  enter  the  buckets  with 
the  uuitorni  velocity  of  the  wheel,  the  quantity  of  water  in  the  wheel  at  any 
one  time,  and  consequently  the  prewure,  must  be  inversely  as  the  Telocity, 
00  that  Ihe  product  of  the  force  into  the  relocitj  will  be  the  eame^  however 
thej  may  separately  Taiy*  however,  the  yelocity  were  to  beoome  Teij 
ooDflidefablB^  it  would  be  neeeesaiy  to  sacrifice  a  material  part  of  the  lall» 
in  order  that  the  water  might  acquire  this  velocity  before  its  arrival  at  the 
wheel ;  but  a  fall  of  one  foot,  or  even  les^  is  sufficient  for  producing  any 
velocity  that  would  be  practically  convenient :  and  it  is  obvious,  on  the 
other  hand,  that  a  rertnin  velocity  may  be  procured  from  a  wheel  moving 
rapidly,  with  less  machinery  tli;iii  from  another  which  moves  more  slowly. 
In  general  the  velocity  of  the  surface  of  the  wheel  is  between  two  and  six 
feet  in  a  second  ;*  and  whether  it  be  greater  or  smaller,  the  force  actually 
applied  will  always  be  equal  in  effect  to  the  weight  of  a  portion  of  the 
stream  employed,  equal  in  length  to  the  height  of  the  wheel.  In  order  to 
avoid  the  resistance  whicSi  might  be  occasioned  by  the  stagnant  water  below 
the  whed,  it  is  a  good  practice  to  turn  the  stoeam  backwards  upon  its 
nearer  half,  so  that  the  water,  when  discharged,  may  run  off  in  the  general 
direction  of  its  motion.    (Plate  XXII.  Fig.  290.) 

If  we  suffer  the  stream  of  water  to  ac(juire  the  utmost  velocity  that  the 
whole  fall  can  produce,  and  to  strike  horizontally  against  the  floatboart^s  of 
an  undershot  wheel,  or  if  we  wisli  to  employ  the  force  of  a  river  imnningin 
a  direction  nearly  horizontal,  the  wheel  must  move,  in  order  to  produce  the 
greatest  effect,  witli  li  tlt  the  velocity  of  the  stream. t  Fur  the  whole  quan- 
tity of  water  inipelUug  the  floatbottds  Is  nearly  the  same,  whatever  may  be 
the  velocity,  especially  if  the  wheel  is  properly  inclosed  in  a  narrow  chan- 
nel, and  hence  it  is  easy  to  calculate  that  the  greatest  possible  eff^  iHU  be 
produced  when  the  rd^ve  velocity  of  the  stream,  striking  the  fioatboardi% 
is  equal  to  the  velocity  of  the  wheel  iteelf.  The  pressure  on  the  ilcatboaids 
is  equal  to  that  of  a  stream  containing  the  same  quantity  of  water,  and 
striking  a  fixed  obstacle  with  half  the  velocity,  thnt  is,  such  a  stream  as 
escapes  fro?n  the  wheel,  which fUTi'-t  I  e  twice  as  deep  or  twice  as  wide  as 
the  <  1  i'j^Mial  stream,  since  its  motion  isonly  une  lialf  as  rapid  ;  and  a  column 
of  siu  h  a  stream,  of  twice  the  height  due  to  its  velocity,  that  is,  of  lialf  the 
height  of  tlie  fall,  being,  as  we  have  akeady  seen,  the  measure  of  the 
hydraulic  pressure,  fliis  force  will  be  precisely  half  as  great  as  that  of  a 
similar  column,  acting  on  an  ovenhot  wheel,  which  moves  trith  the  seme 
velocity.)  But  the  stream  thus  retarded  will  not  retain  the  other  half  of 
its  mechanical  power ;  since  its  greatest  eliect  will  be  in  the  same  propor- 
tion to  that  of  an  equal  stream  acting  on  an  nvonihot  wheel  with  one  fourth 
of  the  fall  of  the  former :  and  the  remaining  fourth  of  the  power  is  lost  in 

*  Smeaton,  Fb.  Tr.  17&9,  U.  134,  deduces  from  expertinents  a  UtUe  more  than 
three  feet  in  a  seoond,  and  obMrvet,  that  high  wheels  (24  feet,  or  the  like)  may  de- 
viate more  from  this  velocity  than  low,  without  tnaterially  affecting  their  work. 

t  Do.  tbid.  p.  122,  gives  the  best  proportion  as  2  :  5.'  Compare  Kobiiioii«  Mech. 
Phil.  ii.  62o.  t  Ibid.  p.  130.  . 
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producing  tlie  change  of  form  of  the  water,  and  in  overcoming  iti»  fricUuu. 
In  whfltevw  way  we  apply  the  force  of  wster,  we  shall  find  tbal  tbt  bb»- 
dunieal  power  which  it  poeseBiee  must  he  meuttred  hj  the  prodnet  of 
the  quantity  mnltipiied  hy  the  height  from  whidi  it  descends  :*  for  exam- 
ple^ a  hogshead  of  water  oapahle  of  descending  from  a  hdght  of  10  feet^ 
possesses  the  same  power  as  10  hogsheads  descending  from  a  height  of  otte 
foot ;  and  a  cistern  filled  to  the  height  of  10  feet  above  it.s  orifici>  posseflsea 
1(K)  times  as  much  power  as  the  same  oistem  filled  to  ih»  height  of  osie 
foot  only. 

When,  therefore,  tlie  fall  is  sufficiently  great,  an  overshot  wlieel  is  far 
preferable  tu  an  uiidirshot  wheel,  and  where  the  fall  is  too  ^mail  fur  ^ 
overshot  wheel,  it  is  most  advisable  to  employ  a  breast  wheel,  which  par- 
takes of  its  properties,  its  floatboaids  oondsting  of  two  portions  meeting  a£ 
an  angle  so.as  to  approach  to  the  nature  of  bndcet^  and  the  wster  bdog 
also  in  some  measure  eonfined  ^nthin  them  hy  the  assistanee  of  a  sweep  or 
arched  channel  which  follows  the  cur¥e  of  the  wheel*  without  coming  tso 
nearly  into  contact  with  it  so  as  to  produce  unnecessary  friction.  When 
the  circumstances  do  not  admit  even  of  a  breast  wheel,  we  must  be  con- 
tented V.  it]i  Jin  undershot  wheel ;  it  is  recommended,  for  such  a  wheel,  that 
the  floailioiirds  lie  w)  ])l!iced  as  to  be  perpendicular  to  the  surface  of  the 
water  at  the  time  tliat  thev  rise  out  of  it:  tliat  unlvone  half  of  each  should 
ever  be  below  the  sui  taee,  aud  that  from  three  tu  five  should  be  immersed 
at  once,  according  to  the  magnitude  of  the  wheel.  Sometimes,  however,  it 
has  been  thought  eligible  to  employ  a  much  smaller  number ;  thus  the 
water  wheel  which  propels  Ifr.  Symington's  steam-boatt  has  only  mx 
floatboards  in  ito  whole  cirenmferBnoe.  (Plato  XXIL  Fig»  291, 288.) 

Since  the  water  escaping  irom  an  undetshot  wheel  still  retaina  a  part  ef 
its  velocity,  it  is  obvious  that  this  may  be  employed  for  tuming^  a  second 
wheel,  if  it  be  desirable  to  preserve  as  much  as  possible  of  the  force.  In  this 
case,  by  causing  the  first  wheel  to  move  with  two  third??  of  the  velocity  of 
the  stream,  the  wliole  effect  of  })oth  will  be  one  third  irreater  than  that  of  a 
single  wlieel  placed  in  the  same  stream;  but  it  iiui-^t  be  considered  that 
the  expense  of  the  machinery  will  also  be  materiaily  increased. 

Considerable  errors  have  freq^ueutly  been  made  by  mathematicians  and 
practical  mechanics  in  the  estimation  of  the  foios  of  the  wind  or  the  water 
on  oblique  surfaces ;  they  have  generally  arisen  from  inattention  to  the 
distinction  between  prcssoie  and  mechanical  power.  It  may  he  demon- 
strated that  the  gieatest  possible  pieMure  of  the  wind  or  water,  on  a  givsn 
obIi<|ue  surface  at  rest,  tending  to  turn  it  in  a  dirscliott  perpendicular  to 
that  of  the  wind,  is  obtained  when  the  surface  forms  an  angle  of  about  5SP 
with  the  win-!  ;  l  ut  that  the  nusidianioal  power  of  sxich  a  pressure,  which 
is  to  be  estimau  i  from  a  combination  of  its  intensity  with  the  velocity  of 
the  surfacp,  may  be  increased  without  liniit  by  increasing  the  anirlc  of 
inclination,  and  consequently  the  velocity.  The  utmost  effect  that  could  l>e 
thus  obtained  would  be  equal  to  that  uf  ihe  same  wind  or  stream  acting  on 
the  floatboards  of  an  undershot  wheel :  but  since  in  all  practical  eases  the 

*  Sme&ton,  Ph.  Tr.  IL  116,  131 ;  andlzvi.  450. 
t  See  Joomsl  of  Hm  Bofsl  ImtitntioB,  Td.  i. 
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velocity  is  liinitwl,  the  eft'ect  will  he  somewiiat  .suialler  than  this:  for 
ex&iujiit ,  if  the  mean  velocity  of  the  sails  or  floaXboardti  he  bupposed  equal 
to  that  of  tlie  wind,  tlie  mechanical  power  will  be  more  than  four  fifths  as 
great  M  thsfc  of  an  vndariiot  wht^  tlu*  li,  in  the  csm  of  a  windmill* 
more  than  four  fifths  of  the  utmost  offoet  that  can  be  obtained  from  the 
wind.  In  soch  a  ease  Kadaniin  hia  shown  that  the  sails  ongfat  to  make 
an  angle  of  74^  with  the  direction  of  the  wind  :*  1  ut  in  practice  it  is 
found  most  advantageous  to  make  Uie  angle  somewhat  greater  than  this, 
the  velocity  of  the  extremities  of  the  sails  being  usually,  according  to 
Mr.  Smeaton,  more  than  twiret  &»  great  as  that  of  thf*  wind.  It  a])pear8^ 
thrrpfore,  that  the  uMi-juc  >uiis(it"  the  common  windmill  iiro  in  their  nature 
almost  lis  well  t  all  u Littjd  to  make  the  best  uwe  ()f  any  hyiiraaiif  force  as 
an  uiider»iiut  wlieei  ;  and  since  they  act  witliuut  iiitenniti«ion  Uiroughout 
their  whole  revolution,  they  liave  a  decided  advantage  otbt  snoh  machines 
aa  nqnin  the  saib  or  fana  to  be  exposed  to  a  mora  limited  stNom  of  the 
windy  daring  one  half  only  of  their  motion,  which  is  nsesaiary  in  <Im 
horismtal  windmill,  whtre  a  seieen  is  employed  lor  eorering  them  while 
they  m  moring  in  a  dirsetinn  oontiary  to  that  of  the  vnnd :  and  sudi 
machines,  according  to  Smeaton,  %  fbnnd  to  perfonn  little  more  than 
one  tenth  of  the  work  of  those  which  are  more  usually  employed.  The 
sails  of  a  common  windmill  arr  freijuently  maile  to  change  their  sitnation 
acHordinc:  to  the  direction  of  tlie  wind,  by  means  of  a  small  wlierl,  with 
saiis  of  the  siime  kind,  which  turns  roiUMl  ^^  henever  the  wiiul  .strikes  on 
either  bide  of  it,  and  drives  a  pinion  turning  tlie  whole  machinery  ;  the 
sails  are  sometimes  made  to  fori  or  unfurl  themselves^  aeooiding  to  the 
velocity  of  the  wind,  by  means  of  a  revolving  pendnlvm,  which  rises  to  a 
grwtar  or  less  hei^i^  in  order  to  prevent  the  injury  wliidi  the  floor  wonld 
ittller  from  too  gtoat  a  rapidity  in  the  motion,  or  any  other  aoetdsnts  whioh 
mi^t  happen  in  a  mill  of  a  different  nature.  The  inclination  of  the  aads 
of  a  windmill  to  the  horizon  is  principally  intended  to  allow  room  for  the 
action  of  the  wind  at  the  lower  jmrt,  where  it  wonld  be  weakened  if  the 
sjiils  came  too  nearly  m  c<nita.  t  «ith  the  huihliiig,  as  Uiey  must  do  if  they 
Vf>rp  pf-rfectly  upright.  When  it  is  ueceusary  to  stop  the  motion  of  a 
windnnll,  a  hreak  is  applied  to  the  surface  of  a  large  wheel,  s<^>  that  its 
friction  operates  with  a  considerable  uiecliaiiical  advantage.  Water  wheels 
with  oblique  floatboords  are  sometimes  used  with  good  eflect  in  China  and 
in  the  eonth  of  Franoa :  for  tide  wheels  snoh  iloatlNiaida  ham  the  advan- 
tage that  they  may  be  easOy  made  to  torn  on  a  hinge  wUh  the  stream,  so 
as  to  impel  the  wheel  in  the  same  dirsetion  whether  the  tide  be  flowing  or 
ebbing.    (Plate  XXII.  Fig.  293.) 

A  smoke  jack  is  a  windmill  in  miniature  :  a  kite  affords  a  very  familiar 
example  of  the  efiFect  of  the  ohlique  impuisi>  of  the  air,  of  which  the  action 
first  causes  a  juessure  perpendicular  to  the  surface  of  the  kite,  and  fhi« 
force,  combined  with  the  rei>i»Laiice  of  the  string,  produces  a  vertical  result 
capiiltle  of  counteracting  the  weight  of  the  kite.   (Plate  XXII.  Fig.  2d4.) 

*  Mncln\irin's  Acponnt  of  Sir  I.  Newton's  Philos.  Discoveries,  art.  29. 
t  NeartMT  Uiree  times.    See  Smcaton,  Ph.  Tr.  1 7a9,  li.  163. 
X  Ibid.  p.  178. 
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The  counterpressure  of  the  water,  occasioned  by  the  MCApa  of  a  llraHDi 
firoui  a  moTwbb  marrolr,  was  applied  by  Puenft*  to  the  pmpoM  «f  turn- 
ing a  miUrtone,  and  Tirioue  other  mthon  have  deaciibed  machinei  of  a 
dmihv  nalnte :  they  may  be  eoaatnietod  wUh  little  or  no  wheel  work,  and  it 
does  not  appear  to  be  necessary  that  mncth  of  (heforeeof  the  water  should  be 
loet  in  their  operation  ;  but  they  have  never  been  practicaUy  employed 
wiUi  success,  nor  have  they  perhaps  ever  ha<l  a  fair  trial. 

The  art  of  i^eamanBlii])  depends  almost  entirely-  on  tlie  manai:t'inent  of 
the  forces  and  resistances  of  nir  and  water,  and  if  the  laws  of  hydraulic 
pressure,  with  respect  to  ubiiqueand  curved  nurfaces,  were  more  completely 
aacertained,  we  might  calculate  not  only  what  the  motlona  of  a  ahip  would 
be  under  any  haaginahle  ebeonuitaBeea,  hut  wt  might  alao  determine  pre- 
daely  what  would  he  the  heat  poniUe  form  of  a  ahip,  and  what  the  beet 
arrangement  of  her  rigging. 

When  a  ship  is  sailing  immediately  bdbre  the  wind,  little  or  no  art  is 
required  in  setting  her  sails,  and  her  velocity  is  only  limited  l»y  tliat  of  the 
wind  and  by  the  resistant-e  of  flio  water:  but  for  sailinu  ^\  iih  a  si<le  wind, 
it  becomes  nec<;^»»ry  that  tlie  immediate  force  of  the  wmd  should  be  cou- 
Mderably  modified. 

If  we  had  a  circular  vessel  or  tub,  with  a  single  mast,  and  a  aail  perfeetly 
flat»  and  if  the  eail  were  plaeed  in  a  direction  deviating  hut  little  from  Uiat 
of  the  wind,  the  tnh  would  begin  to  move  in  a  direction  nearly  at  right 
angles  to  that  of  the  wind,  rince  the  impulee  of  the  wind  acts  almoat 
entirely  in  a  direction  i>erpendicular  to  that  if  the  sail :  Imt  the  slightest 
inequality  of  the  dimensions  of  the  sail,  or  of  the  force  of  the  wind,  would 
immediately  tlistiiHi  the  position  of  the  vessel ;  and  in  order  to  avoiii  this 
inconvenience,  iL  w»<ulil  be  necessary  to  have  a  moveable  body  projectinj^ 
into  the  water,  so  as  to  create  a  resiutance  by  means  of  which  the  vessel 
might  be  steered,  and  the  sail  confined  to  its  proper  place  :  and  this  might 
he  done  more  eflfoetnally  by  changing  the  ibnn  of  the  Toaeel  from  round  to 
oval ;  it  would  then  abo  have  the  advantage  of  moving  mudi  more  eaaily 
through  the  water  in  the  direction  of  ita  length  than  a  ebeular  veeeel  oif 
equal  sizOi  and  of  creating  still  more  resistance  in  a  tnnaverae  direetion,  ao 
that  when  urged  by  an  oblique  force,  it  would  move  in  some  measure 
obliquely,  but  always  miich  more  nearly  in  the  direction  of  its  length  than 
of  its  Itreaiith.  Tlie  antriilar  <!eviation  from  the  track  of  the  ship  is  called 
its  lee  way,  and  if  we  know  the  direction  of  the  sails,  and  the  actual  pro- 
portions of  the  rembtauces  opposed  to  the  ship's  motion  in  different  direc- 
tiom^  we  may  cahnilatoftom  lime  leaktaneee  the  magnitude  of  the  angular 
deviation  or  lee  way  s  hut  hitherto  such  calcnlatione  have  generally  indi- 
cated a  lee  way  three  or  four  timea  ae  great  aa  that  v^ueh  haa  heen 
«rf)aerved.  The  uae  of  the  keel  is  not  only  to  aesiat  in  confining  the  motion 
of  the  ship  to  its  proper  direction,  but  also  to  diminish  the  di9|>osition  to 
vibrate  from  .side  to  side,  which  would  interfere  with  the  effect  of  the  sails, 
and  produce  many  other  inconveniencx-s.  When  the  i>rincipal  force  of  the 
wind  is  aj)]diod  to  the  anterior  part  of  tlie  ship,  her  liead  would  be  naturally 

*  Hiit.  et  M^m.  de  Paris,  1704.  See  Euler,  Hut.  et  Mdn.  de  Berlin,  17&0, 
1751,  1752.  Waring,  American  TiraiuactioQS,  iii.  185. 
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turned  from  the  wind  if  tiie  rudder  were  not  umde  to  project  frointlie  stern 
in  a  contrary  direction,  and  to  present  the  surface  of  an  inclined  pkne  to 
dw  water  whiek  gUde»  along  the  keel,  so  a»  to  pMMnre  the  dup,  by  nuMUis 
of  ilw  pufute  whidi  tt  nedvH^  in  any  diiaotion  ihat  may  be  reqniiid  for 
bar  mBWtwmB,  Commoiily^  howfrer,  aldiovgli  tha  aula  may  be  io 
anaaged  that  the  principal  foroe  of  the  wind  ^>paax8  to  be  on  the  fore  part 
of  the  ship,  the  curvature  of  the  sails,  or  some  dJier  cause,  throws  the  pree- 
tore  further  Lack  wards,  and  the  action  of  the  rudder  is  necessary  to  prevent 
the  ship's  head  tuminjj^  towards  the  wind.    (Plate  XXII.  Fig.  21).5.) 

When  a  ship  is  steering  in  this  manner  on  a  side  wind,  the  effect  of  the 
wind  hati  a  natural  tendency  to  overset  her,  and  if  she  is  too  crank,  that  is, 
deficient  in  stability,  she  cannot  sail  well,  otherwiise  than  directly  before  the 
wind.  The  place  of  the  centre  of  gravity,  compared  with  that  of  the  meta- 
oentvft,  or  imaginary  centre  of  pressure,  detenninea  the  degree  of  etabifity, 
and  the  moat  gencial  way  of  inemeing  it  ia  to  leeien  the  weight  of  the 
upper  part  and  of  the  rigging  of  the  veeed,  to  dimhiidi  her  height^  carta 
incrcaae  her  bnitdth,  and  to  etow  the  ballast  as  low  as  posdble  in  the  hold. 
Too  little  attention  has  frequently  been  paid  to  this  subject,  as  well  as  to 
many  other  departments  of  naval  architecture  ;  and  although  mere  theore- 
tical investigations  have  hitherto  been  hut  of  little  servi<  r  to  the  actual 
practice  of  f^eamnnship,  yet  it  cannot  be  doulited  tlmt  an  attention  to  what 
ha'^  alrea  1\  lu  eu  discovered  of  the  laws  of  hydrodynamics,  as  well  as  to  the 
priiu  .s  of  inochanics  in  general,  must  be  of  great  advantage  to  tlie  navi- 
gator, ni  enabling  him  to  derive  from  his  own  experience  all  the  b^efita 
wliidi  a  eoriaot  mode  of  reaiooiiig  ia  capable  of  pioeiirlDg  him. 
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LECTURE  XXVIII. 


ON  HTD1UULIC  MACHINES. 

Wk  shall  apply  the  (lenoinination  (»f  hydraulic  machiues  to  sudi  only, 
an  are  iutvudetl  for  couuteracting  tiie  gravity  of  water,  that  ibf  for  raiaiug  it 
from  a  lowir  litiwtion  to  ft  higher.  The  Bimplest  of  tban  in  hncketa, 
haokei  whMli^  and  Mction  topea ;  noTMUe  pipes  are  the  madt  in  order; 
and  pnaupa  of  Tarions  Idnda  ooiutote  the  moit  eactenaiTe  and  the  moet 
important  part  of  the  subjecL  Besides  these  and  some  other  ""filar 
maehines,  hydreulio  air  Teaseb  and  artificial  foaateine  will  alao  reqiura  to 
be  exninined. 

A  series  of  earthen  ]»itcherH,  connef  ti  l  li}-  rnpes,  ntv^  timied  l>y  tmndles 
or  pinions,  ovur  which  they  fui'^s,  ha.s  L  n-  iiteu  u&ed  in  bpain  under  the 
imm&  of  noria  :  iu  thit>  country  buckots  of  wood  are  soiuctimeii  enipluyed 
in  a  similar  manner.  A  bucket  wheel  is  the  reverse  of  an  overshot  water- 
wheel,  and  the  water  may  be  laiaed  by  backets  nearly  aimilar  to  thoee 
which  are  calculated  for  receiving  it  in  ita  deaeent :  aometimea  the  bvckete 
are  hong  on  pine,  so  aa  to  remain  full  dtiring  the  whole  aaoent ;  but  tiieae 
wheels  are  liable  to  be  frequently  ont  of  repair.  Soon  «n ju  s  the  reverse  of 
an  undersluit  wheel  or  rather  of  a  hrea>t  wheel,  is  employed  as  a  throwing 
wheel,  either  in  a  vertical  or  in  an  incline<1  position.  Such  wheels  are 
frequently  used  for  draining  fent$,  and  ait>  turneti  by  windmills  ;  the  Hoat- 
Iwards  are  not  placed  in  the  direction  which  would  !»<•  best  for  an  umlershot 
wheel,  but  on  the  same  principle,  so  as  to  be  perpendicular  to  the  ^iuriace 
when  they  liae  oat  of  il»  in  otStae  that  the  water  may  the  more  easily  flow 
offthem.*  (Plate  XXII.  Fig.  296...m) 

lutoadcf  a  aeries  of  buckets  connected  by  ropeaor  ehain%  aaimUBr  efEeet 
ia  sometimes  produced  by  a  simple  rope,  or  a  bundle  of  ropes,  passing  over 
a  wheel  above^  and  a  pulley  below,  moving  with  a  velocity  of  iJbout  B  (  r  10 
feet  in  a  second,  and  drawing  a  certain  quantity  of  water  np  by  it.s  fric- 
tion. It  is  probalde  that  the  water  commonly  ascends  with  about  Jialf  the 
velocity  of  the  rope,  and  on  this  ^supp(Jsiti()n  we  might  calculate  it»de])thon 
tlie  rope  by  comparing  it^  relative  motion  with  that  of  a  little  river  :  but 
(he  rulea  which  aerve  for  calculatiag  the  velocity  of  riven^  do  not  p^ectly 
agree  in  thia  caae  with  the  reeults  of  direct  experiments ;  for  the  frieUon 

*  Vitrttvius,  Architectura,  L  10,  c.  9,  tnuulatod  by  Newton,  2  vols.  foL  London. 
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nqnived  for  dmHiig  tin  qnantilj  faM  hf  iaeh  m  hhkUm^  ftppcan 
from  calcnlAtioii  to  correspond  to  &  Tflodfy  slxmt  twice  a*  giMt  as  tlw 

acttiftl  relative  velodtj.  While  the  water  is  principally  supported  by 
the  friction  of  the  rope,  its  own  cohesion  is  amply  safficient  to  prenni 
its  wholly  fallin^r,  or  being  «ciittf>red,  hy  any  aoddentel  inequality  of  the 
motion.    (Plate  XXII.  Fi^^ 

The  lateral  friction  of  water  has  been  applied  in  a  very  suiqile  manner 
by  Veiit\iri*  to  the  drainini;-  of  land  hy  means  of  a  stream  wliich  runs 
through  it,  allowing  the  stream  to  acquire  soihcient  velocity  to  c&rr)'  it 
oTw  an  incUned  mahctf  and  to  drag  witii  H  a  eertun  poitien  of  wMar 
from  the  lowcet  part  of  thia  aoifiwe :  but  tiie  quantity  of  water  lalMd 
in  tills  manner  must  be  yeiy  inoonalderablei,  and  the  loss  of  loree  hy  ftle- 
tion  Teiy  gnat. 

A  system  of  spiral  pipes  may  be  ]  >lir  >  d  in  the  plane  of  a  wheel,  leeeiviag 
the  water  at  its  circumference,  and  raising  it  by  degrees,  as  the  wheel  tuma^ 
towards  the  ftx?«.  where  it  is  dischartro'l  ;  the  motion  of  the  wheel  bein^ 
usually  derived  from  the  same  stream  which  supplies  the  pipes  :  but  the 
heizlit  to  which  the  water  is  raised  bv  this  machine  is  very  small  iii 
proportion  to  its  bulk.  A  single  pipe  wountl  s])irally  round  a  cylinder 
which  revolves  on  an  axis  in  an  oblique  Hituatiou,  luts  been  denominated 
the  screw  of  Axdibnedei^t  and  is  ealled  in  Getmany  the  waler  snaiL  Ita 
opemtiony  like  Uiat  of  the  flat  spiral,  may  be  easily  coneei?ed  by  imagining 
a  flexible  pipe  to  be  hid  on  an  iaelined  plaae^  and  ito  lower  part  to  be 
gradnatly  elevated,  so  that  the  fluid  in  the  ai^le  or  bend  of  the  pipe  may 
be  forced  to  rise ;  or  by  sapposing  a  tube,  formed  into  a  hoop,  to  be  rolled 
up  the  same  plane,  the  fluid  being  forced  by  the  elevation  of  the  tube 
behind  it  to  run  as  it  were  up  hill.  This  instnimt^nt  fometime^  made  by 
fixing  a  spiral  partiti  on  round  a  cylinder,  and  {  nM  riiii;  it  witli  ;in  external 
coating,  either  of  wood  or  of  metal  ;  it  shouid  !»e  no  placed  with  respect  to 
the  surface  of  the  water  as  to  fiU  in  eacli  turn  one  half  of  a  convolution ; 
for  when  the  orifice  remains  always  immersed,  its  effect  is  mudi  dimi* 
nisbed.  It  b  generally  hiclined  to  the  horhnn  hs  an  angle  of  bstwesn  49 
andflOdcgnee:  henee  it  is  obvious  that  Kb  utility  is  limited  to  thoee  oaaes 
in  which  the  water  is  only  to  be  raised  to  a  moderate  bei|^  The  spiral 
is  seldom  single,  but  usually  consists  three  or  Ibor  sqiarate  coils,  forming 
a  screw  which  rises  dowly  round  the  eyfiuder.  (Plate  XXII,  Fig.  800^ 
301.) 

An  instrument  of  a  similar  nature  is  called  by  the  Germans  a  water 
screw  ;  it  consists  of  a  cylinder  with  its  spiral  projections  detnched  from 
the  external  cylinder  or  coating,  within  which  it  revolves.  'I'bis  machine 
might  not  improperly  be  considered  as  a  pump,  but  ita  operation  is  pre- 
cisely similar  to  that  of  the  screw  of  Archimedra.  It  is  erident  that  some 
loss  most  here  be  occasioned  by  the  want  ef  perfcet  eontaet  between  the 

*  Prop."  9. 

t  VitraTios,  1. 10,  o.  11.  Pilot,  iitst.  et  Mem.  de  Parix,  1736,  p.  173,  H.  UO. 
EoJer,  Nov.  Com.  Vetr.  v.  2S9.  Hennert,  Diseertsdoa  nr  )a  lis  d'AtcMaMde, 
Brrl.  1767.   Mb,  JcwmI  dee  Mhws,  1815^  sxiviii.  321.  Gngoiy's  Mechanics, 

ii.343. 
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screw  and  its  cover ;  In  genera],  at  le«A  one  third  of  the  wator  nun  bade, 
nod  the  machine  cannot  be  placed  at  a  greater  elevation  than  VfP;  it  is 

also  very  easily  cl(»tr|j;c(l  hy  accidental  impurities  of  the  water:  yet  it  has 
been  found  to  raise  more  water  tliun  the  screw  of  Archimedes,  when  the 
lower  ends  of  both  are  immersed  to  a  coiisiderahlc  deptli ;  ho  tliat  if  the 
height  of  the  surface  of  the  water  to  be  raised  were  liable  to  any  great  vari- 
alion%  the  water  eerew  might  be  preferable  to  the  screw  of  Archimedes. 
(Plate  XXU.  Fig.  902.) 

When  a  qdral  pip^  coneieting  of  many  oonvolntionay  ananged  dther  In 
a  aingle  plane,  or  In  a  cylindrical  or  conical  toifaa^  and  rerolving  round  a 
horiiontal  axis,  is  connected  at  one  end  by  a  watertight  joint  with  an  as- 
cending pipe,  while  the  other  end  receives  during  each  revolution  nearly 
equal  quantities  of  air  and  wat<>r,  the  machine  is  called  a  spiral  pnmp.  It 
was  invented  about  1746,  by  Andrew  Wirtz,  a  pewterer  at  Zuric  h,  and  it 
is  said  to  have  been  used  with  great  success  at  Florence  and  in  Russia  :  it 
has  also  been  employed  in  this  country  by  Lord  Stanhope,  and  I  have 
made  trial  of  it  ibr  taiabg  water  to  a  height  of  forty  feet.*  Tim  end  of  Hw 
pipe  le  fiiniished  with  a  apoon^  fiontaining  as  mooh  water  as  will  M  half  n 
coil,  whibh  entefs  the  pipe  a  little  before  the  spoon  has  arrived  at  ita 
highest  ntnatloQ^  the  other  half  remaining  fuU  of  air,  which  communicates 
the  pressure  of  the  colinm  of  water  to  the  preceding  portion,  and  in  this 
manner  the  effect  of  nearly  aH  the  water  in  the  wheel  is  united,  and  be- 
comes equivalent  to  that  of  the  colnnni  of  water,  or  of  water  mixed  with 
air,  in  the  ascending  pipe.  The  air  nearest  tlie  joint  in  compiestied  into  a 
space  much  smaller  tiian  that  which  it  occupied  at  its  entrance,  so  that 
where  hm^  is  eoariderable,  it  becomes  advisable  to  admit  a  larger 
portion  of  air  than  would  nataraUy  fill  half  the  ootl,  and  this  lessens  the 
quantity  of  water  raissd,  but  it  lessens  also  the  force  required  to  turn  the 
machine.  The  joint  ought  to  be  conical,  in  order  that  it  may  be  tightened 
when  it  becomes  loose,  and  the  pressure  ought  to  be  removed  from  it  as 
much  as  possible.  The  loss  of  power,  supposinp^  the  machine  well  con- 
Htntfted,  arises  only  from  the  friction  of  the  water  on  the  pipe,  and  the 
friction  of  the  wheel  on  its  axis ;  and  where  a  large  quantity  of  water  is  to 
be  raised  to  a  moderate  height,  both  of  these  resistances  may  be  rendered 
ineonriderable.  But  when  the  h^|ht  is  very  great,  the  length  of  the  spiral 
must  be  mudi  incioosad,  so  that  ^o  weight  of  the  pipe  becomes  extremely 
cumbersome,  and  causes  a  great  friction  on  the  axis,  as  well  as  a  stnun  on 
tfie  machinery :  thus,  fat  a  height  of  40  feet,  I  found  that  the  wheel 
re<inired  above  100  feet  of  a  pipe  which  was  three  quarters  of  an  inch  in 
diameter;  and  more  than  one  half  of  the  ]iipc  being  always  full  of  water, 
we  hpi  vc  to  overcome  the  friction  of  about  HO  feet  of  such  a  pipe,  which  will 
r!  ipiiie  24  times  as  much  exceuMi  of  pvP'^sure  to  pnxiiicc  a  tjiven  velocity,  as 
it  there  were  no  friction.  The  ceutnfugal  force  of  tlie  water  in  the  wheel 
would  also  materially  impede  its  ascent  if  the  velocity  were  conriderable, 
tince  it  would  be  alwaj's  possible  to  turn  it  so  rapidly  as  to  throw  the 
whole  water  back  into  the  spoon.  The  machine  which  I  had  erected  being 

*  Sulzrr's  Sommlungen  Vermiacheln  Schriflen,  1754.  Ziegier,  GeieUadiaft  za 
Zevkfa,  voU  m.  NicsAder,  Schtved.  Abhsnd.  17BS. 
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oat  of  repair,  I  thought  it  more  eligible  to  sohetitote  for  it  a  eemmon 
Ibrclng  pump,  than  to  attempi  to  make  any  Airtlier  ImpioTODMiit  in  it, 
under  circumateneee  eo  mifevonraUe.  Bntif  the  wlieel  with  itapipee  were 
entirely  made  of  wood,  it  mig^t  in  many  eeeee  aueeeed  better :  or  Uie  pipee 
might  be  made  of  tinned  copper,  or  even  of  earthenware^  which  might  be 
cheaper  and  lighter  than  lead.    (Plate  XXII.  Fig.  903.) 

The  centrifugal  force,  which  is  an  impediment  to  tho  operation  of 
Wirtii'a  machines,  haa  tktmetimes  been  employed,  totreiher  with  the  pr^stire 
of  the  atmosphere,  as  an  immediate  agent  in  raising  water,  by  means  of  the 
rotatory  pump.  This  machine  conisists  of  a  vertical  pipe,  caused  to  revolve 
round  its  axia,  and  connected  above  with  a  horizontal  pipe,  which  is  open 
at  one  or  at  both  endi^  the  wliole  being  fnmidied  witti  proper  tahee  to  pro- 
Tent  the  eeeape  of  the  water  when  the  machine  la  at  reat,  Ae  aoon  ae  the 
rotation  beoomea  anflicientily  n^d,  the  oantrifngal  force  of  tlie  water  in  the 
horizontal  pipe  eaoaea  it  to  be  discharged  at  the  end,  ita  place  heing  sup- 
plied by  means  of  tiie  pteaaore  of  the  atmosphere  on  the  reeenroir  below, 
which  forces  the  water  to  ascend  through  the  vertical  pipe.  It  has  also 
been  proposed  to  turn  a  machine  of  this  kind  hy  the  counteq)re««ure  of 
another  portion  of  water,  in  Uie  mnnner  nf  r;u\  iit's  mill,  where  thei"e  is 
fall  enough  to  carry  it  off.*  'i  hi?*  iiiachiiic  nmy  he  ho  arranged  that, 
according  to  theory,  little  of  Uiu  force  applied  may  be  lost ;  but  it  has 
failed  of  producing  in  practice  a  very  advantt^^eous  effect  (Plate  XXm. 
Fig.  904.) 

A  pomp  b  a  maehine  eo  well  known,  and  eo  generally  need,  that  the  de- 
nomination haa  not  nnoqmiiionly  been  extended  to  hydranlio  madiinea  of 
all  hinda ;  but  the  term,  in  its  strictest  sense,  is  to  be  understood  of  those 
machines  in  which  the  water  b  raised  by  the  motion  of  one  aolki  within 

another,  and  this  motion  is  usually  alternate,  but  sometimes  continued  so  as 
to  constitute  a  rotation.  In  all  the  pumpn  most  commonly  used,  a  ca\ity 
is  enlarged  and  contracted  by  turns,  the  water  being  admitted  into  it  through 
one  valve,  and  diticharged  through  anoilier. 

One  of  tlie  simplest  pumps  for  raising  a  large  quantity  of  water  to  a  small 
lieight,  is  made  by  fitting  two  upright  beams  or  plungers,  of  equal  thickness 
tim)ughout,  into  eavitiea  nearly  of  the  aame  dM%  allowing  them  only  room 
to  move  without  firiettootand  conneetiag  the  plnngera  by  a  horiaontal  beam 
moring  on  a  pivot*  The  water  beb^  admitted,  daring  the  aaoent  of  each 
plnnger,  by  a  laige  valfo  in  the  bottom  of  the  cavity,  it  is  forced,  when  the 
plttDger  deeeenda»to  escape  through  a  second  valve  in  the  side  of  the  earity, 
and  to  ascend  hy  a  wide  pipe  to  the  level  of  the  beam.  The  plungers  ought 
not  to  l>e  in  any  degree  tapered,  because  of  the  crreat  force  which  would  he 
unnet^ssarily  con8UTne<K  in  continually  throwing  out  the  water,  with  great 
velocity,  as  they  de.-K.t  ii  !,  from  the  interstice  formed  by  their  elevation. 
This  pump  may  W  worked  hy  a  labourer,  walking  backwards  and  forwards, 
either  ontiie  beam  or  on  a  board  su^ended  below  it.  By  meaaa  of  an  ap- 
pacatoaof  thia  tdn^,  deeeribed  by  IWeeaor  Robiaon,tan  aotivo  man,  loaded 
with  a  weight  of  thirty  ponnda,  haa  been  able  to  raiae  680  ponnda  of  water 

*  West  in  Tilloch  *  Ph.  Mag.  vol.  xi. 

t  Mechanieal  ABoapphf,  art.  Fnaip,  tt.  671. 
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every  minute,  to  a  height  of  1 1  ^  feet,  for  ten  hours  a  day,  without  fatigue  ; 
this  18  the  greatest  effect  pro  lured  by  a  lalwjurer  that  has  ever  been  correctly 
statetl  by  any  autlior  ;  it  i.>  •  jiuvalent  to  somewhat  more  tlmn  11  j»ounil:» 
ralaed  through  10  feet  in  a  m  <  ond,  iiiKtead  of  10  pounds,  which  is  a  fair 
^imate  uf  the  u&ual  force  of  a  luan,  without  any  deductiou  for  frictioiL. 
(Pkto  XXnL  Fig.  a05.) 

It  is  obTiout  thai  If  tiia  plungers  W9n  m  wdl  fitted  to  tiM  mrHy  m  to 
pravmt  llw  of  toy  wator  batwwn  tbem,  the  Mjoending  pipe  mighi 
oonTey  tbe  weler  to  any  required  height;  tho  iiUMJiino  would  then  heoov 
a  foioiiig  pnmp,  and  the  plun  ^rers  might  be  shortened  at  pleasure^  so  as  to 
aseome  the  fonn  of  a  piston  shding  within  a  barrel.  The  piston  might  also 
be  situated  above  the  level  of  the  reservoir,  and  in  this  case  the  water  wouM 
he  forred  up  after  it  by  the  pressure  of  the  ntmosphrrp  t<>  the  heiijht  of 
about  feet,  but  not  much  further  :  and  even  tliis  heij^lu  \\  iil  i  Ih'  some- 
what too  great  tV)r  jiractice,  becaueie  the  water  might  sonu limes  follow  the 
piston  in  its  ascent  too  slowly.  Such  a  pump,  partaking  of  the  nature  uf  a 
fonii^  and  a  sucking  pump,  is  sonietiiiisa  oaUed  a  tdaed  pump.  In 
Delahire's  pump,  the  eaat  piston  iatnade  to  aenro  a  donUe  puiposi^  Ilia  nd 
wotking  in  a  eoUar  at  ]aathec%  and  tlie  water  being  admitted  and  expelled 
in  a  similar  mann«v  above  and  bdow  the  piston,  by  means  of  a  double  ap- 
paratus  of  valves  and  pipes.*   (Plate  XXIII.  fig.  806.) 

For  forcing  pumps  of  all  kinds,  the  common  {dston,  with  a  collar  of 
loose  »nt\  rlastic  leather,  is  pref<>rMblo  !o  those  of  a  more  complicated  «tmr- 
ture :  the  pressure  of  the  water  ou  the  inside  of  the  leather  mnlces  it  sutii- 
eiently  tight,  and  tliefhction  is  inconsiderable.  In  some  puiiijis  the  leather 
is  omitted,  for  the  sake  of  simplicity,  the  laa:^  of  water  being  compensated 
by  the  greater  durability  of  the  pun^ ;  and  this  loss  will  be  the  smaller 
in  propoHion  aa  the  motion  of  the  piston  is  moto  rapid.  (Plate  XXITI. 
Fig.  807.) 

Mr.  Bramah  has  mtj  ingenknuly  applied  a  fsndng  pnmp^  by  means  of 
the  well  known  properties  of  hydrostetic  pressure^  to  the  eonstmction  of  a 

oonvenient  and  powerful  press.  The  water  is  fomed,  bja  small  ))ump,  into 
a  barrel  in  which  it  acts  on  a  much  larger  piston ;  consequently  this  piston 
is  urged  by  a  force  as  much  gn^nter  than  that  which  acts  on  the  first  pump 
rod,  as  its  surface  is  greater  than  that  of  the  small  one.  (Plate  XXIil. 
Fig.  308.) 

In  the  coiiuuun  »ucking  pump,  the  valve  through  which  tlie  water 
escapes  is  placed  within  the  piston  itself  so  that  the  same  barrel  serves  for 
ths  aaeent  of  the  wateTf  whUi  rises  in  one  oontinued  lina  widle  the  plsten 
is  raised,  and  reste  on  the  fixed  valve  while  it  b  depressed.  DieTeloeityof 
ths  steoke  ought  novtr  tobe  less  tlian  4  tnohssin  a  seoondyumr greater  than 
two  or  tlifee  feet ;  the  stroke  sliould  tUso  be  as  long  as  possible,  in  order  to 
avoid  unneoessary  loss  of  water  during  the  descent  of  the  valves.  The  di- 
ameter of  the  pipe  through  which  the  water  rises  to  the  barrel,  ought  not  to 
he  less  than  two  thirds  of  the  diameter  of  the  barrel  iteelf.  (Piste  XXIU. 
Fig.  IMVX) 

A  bag  of  leather  has  also  been  employed  far  connecting  the  piston  of  a 
•  Hist,  et  M^.  de  I'Acui.  17IG,  p.  m. 
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piuup  with  the  baml,  and  iathis  mMmer  niuly  avoiding  aU  firiefcioii :  but 
it  is  pfobable  that  the  want  of  dnnibility  wonld  be  a  gnat  objedioato  such 
a  machine.   (Plate  XXIII.  Fig.  810.) 

Where  the  height^  through  which  the  water  is  to  be  rais^,  is  consider- 
able, some  inconvenience  might  arise  from  the  lenufth  of  the  barrel  through 
which  the  piston  rod  of  a  Huckintj  pump  would  have  to  descend,  in  imh-Y 
that  the  pinton  might  remain  within  the  limits  of  atmospheric  ])re9.sure. 
Tliis  may  1)0  avoided  hy  j)hii-ing  the  moveable  valve  below  the  fixed  valve, 
and  lutruducing  the  piston  at  the  buttuni  uf  the  barrel.  Such  a  inacliiue  is 
called  a  lifting  pump  :  in  common  with  other  forcing  pumps,  it  hae  Ibe 
dindvatttage  ol  thzosting  the  .piiton  befoie  the  rod,  end  tliae  lending  to 
bend  the  rod,  and  produce  an  unequal  friction  on  the  piaton,  whiles  in  the 
aneldng  pump,  the  principal  Ibree  always  tenda  to  aliaigliten  the  rod. 
(Plate  XXIII.  Fig.  311.) 

The  rod  of  a  socking  pnTnj>  may  also  be  made  to  work  in  a  eoUar  <tf 
leather,  ^nd  the  water  may  be  forced  through  a  valve  into  an  ascending 
pipe.  By  applying  an  air  vessel  to  this,  or  to  any  other  forcini^  i)ump,  its 
motion  may  be  equalised,  and  it«s  performance  improved  ;  for  if  the  orifice 
of  the  air  vesjiel  he  sufficiently  larcre,  the  water  may  be  forced  into  it, 
during  the  stroke  of  the  puuip,  with  any  velocity  that  may  be  required, 
and  Mrith  little  resistance  from  friction,  while  the  loss  of  lome,  from  the 
frequent  aeodeiationB  and  retardations  of  the  whole  body  of  water,  in  a 
long  pipe,  must  always  be  considerable*  The  condensed  air,  reacting  on 
the  water,  expels  it  more  gradually,  and  in  a  oontimial  strean^  so  that  the 
air  vessel  has  an  effect  analogons  to  tiiat  of  a  fly  wheel  in  mschaniea. 
(Plate  XXIII.  FiK'.  ni2.) 

If,  instead  of  forcing  the  water  to  a  certain  height  through  a  pipe,  we 
cause  it  to  form  a  detached  jet,  we  convert  iho  forcini?  p\nn|>  into  a  fiir* 
cnifine;  and  in  general  two  barrels,  acting  :Llternatoly,  ;Lri  (  ntiiu'ctfd,  fur 
tills  purpose,  with  the  snune  air  vessel;  so  that  the  1  i^*  liiri:!'  i.s  thus 
rendered  very  nearly  uniform.  The  form  of  the  adjutage,  or  oi  iriee  of  the 
pipe,  is  by  no  means  indifferent  to  the  effect  of  the  naachine,  since  the 
hoght  of  the  jet  may  be  mudi  increased  by  making  it  moderately  con- 
tracted, and  a  little  conical  rather  than  cylindricaL  When  the  air  Teasel 
is  half  filled  with  water,  the  height  of  such  a  jet  will  be  about  90  fret,  when 
two  thirds  filled,  about  60,  the  height  being  always  neariy  proportional  to 
the  degree  of  condensation  of  the  air,  or  to  the  excess  of  its  densa^  ahor9 
that  of  the  surrounding  atmosphere.  Sometimes  a  double  forcing  pump,  or 
fire  engine,  is  formed  by  the  alternate  rotatory  motion  of  a  flat  piston 
within  a  cylindrical  barrel  :  the  axis  of  its  motion  coincidinjj  with  tliat  of 
the  barrel,  and  the  barrel  bein?  divided  by  a  partition  into  two  cavities, 
which  are  filled  and  emptied  in  the  same  way  as  the  separate  barrels  of  the 
oonunon  fiie  engine.  The  mechanical  advantage  of  this  machine  is  nearly 
the  same  as  that  of  the  more  usual  constructions^  but  it  appears  to  be  some- 
what more  simple  than  a  common  engine  of  equal  force.  The  partition 
maybe  extended  throughout  the  diameter  of  the  cylinder,  the  opposite  pairs 
of  cavities  being  made  to  communicate  with  each  other,  and  thus  both  udes 
of  the  piston  may  be  employed  at  once.  (Pkte  XXIIL  Fig.  919.) 
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A  piston  placed  in  m  aimiUr  mumer  has  sometimes  Iimii  made  to  reTolve 
cantinaally,  Mid  to  force  th*  water  through  a  pipe  by  means  of  a  slider  or  a 

spring,  which  intercepts  its  pnssajjc  in  any  other  direction.  Machines  of  this 
kind  have  been  invented  nnd  reinvented,  by  Hinnelli,*  Cavalleri,t  Aniontons,J 
Prince  Rupert,t  Dr.  llooke,  Mr.  ljraiuah,§  and  Mr.  (rwynn.  Mr.  Gwynu's 
engine,  which  has  been  employed  in  many  ca^^it  with  considerable  success, 
consists  of  a  piaton  or  roller  neariy  elliptical,  well  fitted  to  the  cylinder 
within  idiieh  it  reTolvea,  with  a  Talve  pnMwd  lightly  against  it  by  a  spring, 
whieh  eaiuee  a  eonaideniUe  part  ol  the  water  eanlained  in  the  cylinder  to 
lie  forced  in  eadk  revolution  Into  the  pipe :  the  whole  m^lilwA  ig  made  of 
tnaaa;  the  spring  requires  very  little  foroe^  for  the  pressure  of  the  water 
on  the  valve  keeps  it  always  close  to  the  roller,  and  the  friction  arising 
from  this  cause  is  even  an  objection  to  tlie  machine.  The  stream,  aUhough 
never  wholly  intermitted,  is,  however,  by  no  means  uniform  in  its  velocity, 
(Plate  XXIll.  Fig.  SU..M7.) 

The  pipes,  tlirough  which  water  is  raised  by  pumps  of  any  kind,  ought 
to  be  aa  abort  and  ae  straight  as  possible ;  thus,  if  we  liad  to  raise  water  to 
a  lieight  of  20^  feet,  and  to  earry  it  to  a  hoiiaontal  distaaoe  of  100  by 
means  of  a  f<»dng  pnmp,  it  wonld  lie  more  advantageoas  to  raise  it  tint 
Tertically  into  a  cistern  20  feet  above  the  reservoir,  and  then  to  let  it  run 
along  horizontally,  or  And  its  level  in  a  bent  pipe,  than  to  connect  the 
pump  immediately  w  ith  a  sinprle  pipe  carried  to  the  ])lace  of  its  destination. 
And  for  the  same  reason  a  suckine:  pump  shonld  be  })!accU  nearly  over 
the  well  as  po^ible,  in  order  to  avoid  a  los.s  of  force  in  working  it.  If 
very  small  pipes  are  used,  they  will  much  increase  the  resistance,  by  the 
Irii^on  wliieh  they  oocasion. 

Watsr  has  been  sometimes  raised  by  stuflod  onshioni^  or  by  oval  blocks 
of  wood,  oonneetsd  inCh  an  endless  rope,  and  eanssd  by  means  of  two 
wheels  or  drarn^  to  rise  in  succession  in  the  same  barrel,  carrying  the 
water  in  a  continual  stream  before  them  ;  but  the  magnitude  of  the  friction 
of  the  cushions  appears  to  he  an  objection  to  this  method.  Fn^n  thf  re- 
semblance of  the  apparatus  to  a  strim;  of  beads,  it  h;i^  \n\-\i  called  a  bead 
pump,  or  a  paternoster  wurk.  Wheu  flat  boardj*  are  united  by  chains, 
and  employed  iuittuad  of  these  cushions,  the  machine  may  be  denominated 
a  oeUnlar  pump ;  and  in  this  case  the  barrel  is  usually  square,  and  plaeed 
in  an  inclined  position,  but  there  is  a  oonsidetaMe  loss  from  the  fadlity 
with  which  the  watsr  runs  back«  The  chain  pmnp  generally  used  in  the 
navy  is  a  pnmp  of  this  kind,  with  an  upright  barrel,  through  which 
leathMSj,  strung  on  a  chain,  are  drawn  in  constant  succession  ;  these  pumps 
are  only  employed,  when  a  large  quantity  of  water  is  to  be  raised,  nnd 
they  must  be  worked  with  considerable  velocity  in  order  to  produce  any 

•  AitiAeloM!  MMdune,  fbL  Ms,  1588. 

t  Exerrit  Ht  omet.  p. 541.    Birch,  i.  2^.'. 

X  Maofaiae«  et  Xnveottmis  Approuv^n  par  rAosd^niie,  7  vols.  4to,  1735|...*..  v.  i. 
to  wluah  work  we  rsfcr  for  tiM  dcMriptiaii  ef  miiMrow  bydmdie  wtsihfaies  hf  ffsr* 

rault,  Cus«et,  Joly,  Friinciai,  CoriJan  oy,  Gay,  L'Heureux,  Joue,  Martenot,  Mar- 
chand,  Anger,  UUemann,  Loeb&on,  Deuissrt,  Ledenoosti  Boulogne,  SsuUdi  GalloB, 
DepaiNieiii,  Oeomnne^  Dnpuy,  Amy,  fte. 
i  Repertory  of  Arts,  ii.  IX 
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offMSl  ttfc  alL  Mr.  Cole  ha*  impiored  the  eomtraolioii  of  tke  chain  pnmp^ 
•o  m  matoriaUy  to  IneriMO  the  qnaiitHy  of  mler  nlnd  bj  ft.*  (Plate 
XXUL  Fig.  318.) 

It  le  Inqtienftly  nae— aiy  to  pvoevio  aUsmale  metfeo  i&  pnmpe  bgr 
■leeiieef  wheeLwerl^aiid  for  this  purpoae  the  applicaUon  of  a  crank  is  the 
most  usual  and  perhaps  the  hcet  method.  Provided  that  the  bar  by  which 
it  acts  be  sufficiently  long-,  very  little  will  he  lost  ^y  the  oMir|iiity  of  \tf 
situation,  and  it  is  easy,  by  means  of  roUera,  nr  of  i\  compound  fi;uiu\  to 
contine  the  liead  of  the  pump  rod  to  a  rectilinear  motion.  When  any 
other  mode  is  employed,  it  must  be  remembered  that  the  motion  of  the 
pump  rod  ought  always  to  be  8k>wer  at  the  beginning  of  each  altei-uation, 
dnee  a  ooniideeable  put  of  the  lofoe  b  oonemied  in  ntftaglhe  uraitev  in 
motieii^  espeeiillj  wliefe  tiie  pipe  is  long,  and  the  viloeitgr  eonifttoelile. 
But  it  may  hapfMo  ihst^  from  the  natnie  of  l^^banlio  p— me  itaidBr 
other  drciunatances,  the  reaiBtaiioe  mj  be  nearly  thraogfaoat 
stroke  :  for  example,  when  the  motion  of  the  piston  is  slow  in  eomparisoi| 
of  that  of  the  water  in  the  pipe,  or  when  tho  force  employed  in  producing 
velocity  is  inronsidevable,  in  comparison  witli  tlmt  which  is  required  for 
counteracting  the  pressure.  In  Huch  ca?^e*?  it  may  sometimes  be  eligible  to 
employ  inclineii  surfaces  of  such  forms  as  are  best  a<lapted  to  communioite 
tlie  most  advantageous  velocity  to  the  pump  rod  by  their  pressure  on  a 
roller^  which  may  be  confined  to  its  proper  direction  by  the  same  means  aa 
when  a  ennk  is  med.  (Fl»te  XIY.  Fig*  18A...ia7.) 

The  Ghineee  woik  their  cdlohur  pomp^  or  bead  pumps,  by  walkiiig  «n 
bore  whieh  project  from  the  axis  of  the  wheel  or  dimn  tiiat  dsim  than, 
and  whatever  objection  may  be  made  to  the  choice  d  the  my^htnf^  the 
mode  of  eommonicating  motion  to  it  must  be  allowed  to  be  advantageous. 

Pumps  have  sometimes  been  worked  by  means  of  the  weight  of  water 
acting  within  a  barrel,  which  resembles  a  second  pump  placed  in  an  in- 
verted position.  The  only  objeditm  to  the  nmrhine  appears  to  l>o  tlie 
magnitude  of  the  friction,  and  even  thit*  iiicuuveiiitiice  may  jHjrhupfl  he 
iueonaiiierahle.  The  invention  in  by  no  mean»  madern,t  but  it  is  h&A 
known  in  Germany  under  the  name  of  Hull's  madune,^  and  it  has  be^ 
introdnoed  into  this  country  by  Mr.  Wes(«irtb{  and  Mr*  Tmfitldefc.|| 
A  dwiB  pump,  or  a  eeries  of  boekett,  may  also  be  applied^  in  a  manner 
maifydmllar^tothewnrkingof  madniMifjef  anykind.  (Hale  XXIII* 
FiiT.  319.) 

I'he  mediation  of  a  i)ortion  of  air  is  employed  for  rainng  water,  not 
only  in  the  spiral  pump,  but  also  in  the  air  vessels  of  Schemnit^.^  A 
column  of  water,  descending  through  a  pipe  int-o  a  olosetl  reservoir  full  of 
air,  obligefl  the  air  to  acty  by  means  of  a  pipe  leading  from  tho  upper  part 

*  London  Migsrias  for  1768^  p.  499. 

t  It  is  figured  hi  Fludd's  Natnne  Sfanis,  Oppenhdm,  1618,  p.  467. 
:  Hist.  etM^,  1760,  H.  160. 

i  Bailey's  Miehfawt,  fi.  88.  Aanton,  TiwmiiHwii  of  tte  Mtj  of  Ai«s» 

vol.  T. 

U  Nich.  Jour.  8to,  i.  161. 

t  Wdfe'sDsieMeaef  Hsfo»s  Hmmtda  it  SdMomiti,  Ik.  1Y.  1768,  p.  547. 
Ptak's  do.  Tkeg*  1771.  Nidi.  Jeiv.  Iv.  8, 117. 

s 


Digitized  by  Google 


LECTURE  XXVIU. 


€ff  the  marvoir  9t  tir  rtmd,  on  the  watar  in  a  seMiid  w>Mrvoiy»  ai  any 
diataaee  eiQwr  bdow  <w  above  it,  and  foroM  thia  «at«  to  aioend  ttinrngii 

A  third  pipe  to  any  height  less  than  that  of  the  firat  column.  The  wit 
vessel  is  then  emptied,  and  the  second  reservoir  tilled,  and  the  whole  opera* 
tion  is  repeated.  The  air  must,  however,  acquire  a  deomtv  equivalent  to 
the  preflsure,  before  it  can  begin  to  act ;  so  that  if  the  heiglit  of  the 
columns  were  34  feet,  it  must  be  reduced  to  half  its  dimensions  before  any 
water  would  be  raised  ;  and  thus  half  of  the  force  would  be  lost ;  in  the 
aame  manner,  if  the  height  wtn  68  feel»  two  tfaiida  of  the  fofoa  would  bo 
loit  Bot  when  the  boght  is  onall,  the  fovee  lost  in  this  nunmarianol 
greater  tiiaa  tiiat  which  is  usually  ifient  in  overcoming  friction  and  oHier 
imperfections  of  the  machinery  employed ;  for  the  quantity  of  water, 
actually  rused  by  any  macMne,  h  not  often  greater  than  half  the  power 
which  is  eonsnmed.  Tlie  force  of  the  tide,  or  of  a  river  rising  and  falling 
with  the  tide,  iniiiht  easily  be  applied  by  a  machiiie  of  this  kind,  to  tlw 
purposes  of  irrigation.    (Plate  XXIII.  Fig.  320,  321.) 

The  fountain  of  Hero  precisely  resembles  in  its  operation  the  hydraulic 
▼eeaab  ef  Schemnita,  whieh  were  probably  suggested  to  their  inventor  by 
the  oonstrofltion  of  this  fountain.*  The  tfaiat  xeaemir  of  the  fountain  ia 
lower  than  the  oiiflee  of  the  jet;  n  pipedeoeendsfaomitto  the  air  Temal, 
whidi  ia  at  some  diatanoe  below,  and  the  pmsaore  of  the  air  is  communi- 
cated, by  an  ascending  tube  to  a  third  cavity,  containing  the  water  which 
supplies  the  jet.  Many  other  hydraulic  and  pneumatic  in«»tniments,  in- 
tended for  iiTiiusenunt  only,  and  some  of  them  of  much  mure  coinplicate<i 
structure,  are  also  described  in  the  works  of  Hero.  (Plate  XXIii«  Fig. 
322.) 

The  spontaneoua  vidadtudes  of  flie  pressure  of  the  air,  ocoaaoned  by 
chaqgea  in  the  weight  and  temperature  of  the  atmoqlien^  have  been 
plied,  by  means  of  a  seilee  of  resemin  furnished  with  ptoper  fuives^  to 
the  purpoes  of  rsiring  water  by  digveee  to  a  moderate  heigfat.  But  it 

seldom  happens  that  aoeh  changes  are  capable  of  producing  an  elevation  in 

the  water  of  each  rp??ervoir  of  more  than  a  few  inches,  or  at  most  a  foot  or 
two,  in  a  day  ;  and  the  whok  quantity  raised  must,  therefore,  be  very 
inconsiderable. 

The  momentum  of  a  str^m  of  water,  flowing  through  a  long  pipe,  has 
also  been  employed  for  raising  a  small  quantity  of  water  to  a  oonsidorablo 
height. 

Thepawageof  the  pipe  being  stopped  by  a  valve,  which  is  ndsed  by  tlie 
stnam,  aa  soon  as  its  metioa  beeomessuffioienily  rspid,  the  whole  oolumn 
of  ilnidmurt  necessarily  ooncentrate  ita  action  almost  instantaneously  on 

the  valve  ;  and  in  this  manner  it  loses,  as  we  have  before  observed,  the  cha- 
racteristic property  of  hydraulic  presf^urf,  and  acts  aa  if  it  were  a  single 
solid  ;  so  that,  supposing  the  ylyc  to  be  perfectly  elastic  and  iiirxt«n»ible, 
the  impulse  must  overcome  any  pressure,  however  great,  that  might  be 
opposed  to  it,  and  if  tiie  valve  open  into  a  pipe  leading  to  an  air  vessel,  a 
certidii  quantity  of  the  water  will  be  forced  in,  so  as  to  eondense  tlie  air, 

*  See  Ueroois  Sptritiaiam  Ltber,  Let.  ^  P.  Commandino,  4to,  Par.  1S83 ;  or 
yeler.Msth.Op.ibLl69S. 
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more  or  less  rapidly,  to  the  degree  Uiat  may  be  required  for  raising  a  por- 
tion of  the  water  contained  in  it  to  any  given  height.  Mr.  Whitehurat 
appears  to  ttave  been  the  first  that  employed  this  mrthod  ;*  it  was  after* 
«ivd0impvoT0d  hy  Mr.  BonHonrf  and  fh»  MiMinMliiiMhM  lately  at* 
tncted  mnoh  attention  in  France  nnder  thedenomlmttkui  oCtiie  hydiwHtf 
tmiiioflIr.lfo&l8aUtor4  (Pb«e  XXnt  Fif^m) 
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LECTURE  XXIX. 


ON  PMSUMATIC  XACHINBS. 

Phsuii ATic  machine  are  such  as  are  principally  dependent,  in  tfidr 
operation,  upon  tlw  proportiM  of  cibfltio  finids;  lliey  may  bo  oaknlated 
cither  for  dlminfahfng  or  Increadng  their  density  and  preeaore^  as  air 
ponipa  and  condenaen ;  or  for  direetim^  and  applying  tiifiir  force»  at  bd- 
low%  trantOatocB^  steam  engines,  and  guns. 

•  Ph.Tr.  1775,  izr.  S77. 

f  Repertory  of  Arts,  179B,  vol.  ix. 

t  Journal  de  Phniqae,  zM.  143«  fitmocl,  Itattilo  dello  Ariete  HfdnnUieo, 
4to,  Milan,  1813. 
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ThB  tenUgr  aa^  pvnmie  <rf  the  air  may  ba<timfaMw>>i,  or  Ilia  air  ma^  ba 
parfocilj  or  nnry  naarly  wiOitewn  fnm  a  gim 

S  fftk*"""  of  mercury,  or  bj  the  air  pamp.  The  anciento  sometimes  ex> 
teostod  a  ▼OBsel  imperfectly  by  the  repeated  action  of  the  month,  and 
preserved  the  rarefaction  by  the  assistance  of  a  stopcock.  Tlie  Torricellian 
vacuum,  obtained  by  inverting  a  receiver  iiHc  1  with  mercury,  and  fur- 
nished with  a  descending  tube  at  least  ;u)  im  h  -  s  lone,  is  the  most  perfect 
that  can  be  procured  ;  but  there  is  genera%  a  portion  of  air  adhering  to 
the  vessds,  and  mixed  idth  tha  merciuy,  which  may  often  be  eoiudderabl  j 
MmAwAA^  by  agitaiioB,  but  can  only  be  completely  expelled  by  boiling 
the  mereaxy  fSpr  eome  time  in  the  Teeed  and  ito  tabe,  pxevionaly  to  their 
invetnon.  (Plate  XXIV.  Fig.  824.) 

The  oomtmeiien  of  an  air  pomp  greatly  resembles  that  of  a  common 
sucking  pnmp  for  raising  water  ;  but  the  difF«'rpnre  ?n  tbe  o]v(.r!ition  to  be 
performed  requires  a  difference  in  several  particular  ai  r  ;L!i-i  nu  nts.  The 
objects  are,  to  rarefy  or  exhaust  the  air  as  completely,  as  expeditiously,  and 
as  easily,  as  poiisible.  lu  order  tiiat  ilie  exhaustion  may  be  complete,  it  is 
necessary  that  no  air  remain  in  the  barrel  when  the  vidve  ie  opened,'  and 
that  the  proeeeabe  reiy  long  oonthraed*  For,  supposing  all  tiie  parMTof  an 
air  pnmp  to  be  perftetly  well  fitted,  and  tlie  ezlianstion  to  be  carried  onjfor 
anyleogthof  time^theUmit  of  its  perfection  will  be  a  rarefaction  ex]>re^}sed 
by  the  proportion  of  the  air  rcm^dning  in  the  barrel,  when  the  piston  is  down, 
to  the  whole  air  that  the  barrel  is  capable  of  containing ;  for  such  will  he 
the  rarity  of  the  air  in  the  barrel  wlien  the  piston  is  raised.  It  becomes, 
tht  vefure,  of  consequence  to  lessen  the  quantity  of  this  residual  air  as  much 
as  possible  :  and  at  the  same  time  to  take  care  that  the  valve  may  be  capable 
of  Iwing  accurately  closed  and  easUy  opened,  or  that  a  stopcock  may  be 
oeeadenally  subetitated  for  H,  whieh  may  be  opened  and  drat  by  eoctemal 
force,  when  the  elaeticity  of  the  air  remaining  is  too  small  to  lift  the  valve. 
In  pumping  water  fnm  a  well,  we  raise  an  eqnal  quantity  at  eadi  atroke^ 
but  in  the  air  pump,  we  withdraw  at  most  only  equal  bulks  of  the  air  dif> 
ferently  rarefied,  so  that  the  quantity  extracted  is  continually  diminished 
as  the  operation  procec'!?^.  Thus,  if  one  tenth  of  the  air  were  exhatisted  by 
the  first  stroke,  only  nim  tt  iitbs  as  much,  that  is,  one  tenth  of  the  remain- 
der, would  be  drawn  out  hy  the  second  ;  hence,  in  order  that  the  process 
may  be  expeditious,  it  is  of  importance  to  have  the  barrel  as  large  as  pos- 
sible in  proportfon  to  tlie  reeeiTer.  In  oasee  where  the  presence  of  aqneone 
Tsponr  would  be  of  no  consequence^  the  eahanBllon  might  be  madeyery 
rapidly  by  filling  the  wh<de  appaiatoa  with  water,  which  was  the  me> 
thod  first  employed  by  Otto  von  Qnerieke^  the  inventor  of  the  modem 
air  pump. 

Tn  order  to  lessen  the  labour  of  the  operation,  two  barrels  may  be  em- 
jjliiyc  l,  and  ronnorted  as  to  work  alternately  ;  in  thl^.  manner  the 
pressure  of  the  atmosphere,  acting  on  lioth  pistons  at  once,  opposes  no 
resistance  to  their  motion  in  eitlier  direction.    In  Smeaton's  pump*  a 

*  Ph.  Tr.  1751  -?,  x\y\\.  415.  See  also  the  Dutch  translation  of  Dr.  Prientley's 
Obierratioiui  and  EzperiiiMnte  on  difforant  kiMls  of  air,  xoLii,  1701.  Cavsllo,  Ph. 
TV.  1783,  p.  435. 
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ain^  barrel  Iihh  nearly  the  some  advantage,  the  roU  of  the  pUton  working 
iBft«tU«rofl0tthtn  wHhoil,aiidtbe  «ir  bdi^ezefaidfld  fir^  iipp«r 
p&rt«f  tihe  baml  by  a  valve,  through  ti^kdi  the  air  paaMi  when  fhepiilon 
k  niiad  mmi  lo  tha  top;  eo  that  in  the  ^Moeiit  ef  the  pisten  thne  ie 
nvMonai  Am  it»  and  the  air  bebw  vpmm  the  velfe  mneh  mxl&egf  and 
paiis^  more  complet^y  thimi^  it»  than  hi  the  eonunon  air  pump ;  and 
the  piaton  ia  only  exposed  te  the  whole  piemue  of  the  atmospliere 
dtirin^  the  jdlaehaige  of  the  air.  thiongh  the  vppcr  valveu  (Plate  XXXV* 
Fig. 

That  the  air  is  r^ly  removed  hy  the  operation  of  the  air  pump,  may  be 
demonstrated  by  various  Gxperimenta,  which  show  the  absence  of  it« 
resLrtanoeyOf  its  buoyaut  efl'ect,  audof  its  pressure ;  sucli  are  the  descent  of 
a  guinea  and  a  feetfaer  at  the  eeme  time^  the  equal  duration  of  the  motion 
of  tipo  %  wbael8»  with  thnr  pklee  placed  in  different  diiecliona^  the  pnp^ 
deranoe  of  the  larger  of  two  bodies  which  balanoe  eaeh  other  in  the  open 
air,  the  deaeeniof  meteary  or  «f  mter  in  a  baapomektkal  tabe,  Ibe  plnying 
of  a  fountain  urged  hy  the  expanoon  of  a  portion  of  confined  air,  and  the 
ebunitiou  of  elher»  or  of  water  modentilj  warm*  (Plate  XXIV.  fig* 

The  degree  of  perfection  of  the  vacmim  formed  by  tlic  air  puiaji,  <i]  the 
rarity  of  the  air  remaining  in  the  receiver,  is  measured  hy  gages  of  ditterent 
kinds.  The  nimplest  pn^  is  a  short  tube  filled  with  mercury,  and  inverted 
in  a  baHon  of  tlie  haiue  Huid  ;  in  tlih)  the  mercury  begins  to  deacend  when 
theeiietioity  of  liie  air  beeomee  diminidied  in  the  proportion  of  the  height 
of  the  gage  to  thaA  of  the  banmcter ;  but  on  aeoonnt  of  the  capUlary  nt* 
tmelien  of  the  paitielee  of  sHMaiy  ftr  eadi  other,  there  ia  a  depnarfen 
witliin  tlie  tnbe»  difleiiiig  In  quantity  eoooiding  to  ita  BMgnitade»  wfatdi 
renders  it  difficult  to  obeerve  the  exael  eituation  of  the  suxliMe  when  the 
lieight  of  t)ie  cohnnn  ie  veiy  small,  nitliough,  if  that  height  were  correctly 
ascertained,  the  allowance  to  be  made  for  the  depression  might  easily  be 
cnlcn!r\tod.  It  i*?,  however,  more  usnal  to  employ  the  Ion'/ baroirjptor  gage, 
in  wliii  h  t}ie  jirt  sNiirc  is  removed  from  the  upper  surface  of  the  eolunin  of 
mercury  in  projHjrtion  as  the  exhaustion  proceeds,  and  the  height  to  which 
it  is  raised  by  the  pressure  of  the  external  atmosphere,  is  compared  with 
that  of  a  eonunon  berawter,  tlie  diflforenoe  alwtiys  indicating  the  density 
•f  the  air  left  in  tlie  leeiiTor.  Somethnee  aleo  a  bent  tabe  ie  employed  in- 
ilead  of  the  dioit  gage,  the  diflerause  of  the  li^g^  initetwo  hiancfaeeindi^ 
eitiiig  tlie  piomiuii ;  and  thieinatnunent  haa  die  admntage  of  requiring  no 
oomelion  on  aooonnt  of  eapiUaiy  attraction,  since  the  de}iresMons  of  the 
two  tutJitmnm  esEactly  counterbalance  each  other.  But  in  all  these  cases  the 
mercury  must  he  well  boiled  in  the  tubes ;  and  in  the  bent  tabe»  or  aiphon 
gage,  the  operation  is  somewliat  difficult. 

The  pressure  indicated  by  a  tjniro  of  any  kind  depends  on  tb*  r List  i city 
of  the  whole  of  the  fluid  remaiuin-  in  the  receiver  ;  but  this  tiuid  is  not 
always  atmospheric  uit*  ulonc.  In  ail  common  temperatures,  water,  and 
many  other  liquids,  have  the  property  of  emitting  a  vapour  which  possesses 
a  veiy  eenalble  degree  of  elasticity ;  eo  that  if  cUSber  water,  or  any  moist 
•nhetanoe,  be  pieeent  under  the  reoetver,  it  will  be  impondble  to  pioouia  a 
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total  abienea  of  preflnin,tfa9  ahott  mtreniUl  gage  QoaoMoly  ftandiag  at 
iJittMgbtof  Aileait  half  Ml  iiidi»  III  <lielMii  pomps.  Hmim^  the  faomn 
my  bemadtiiian  parfeot  wte  <li»  rsoai w  b  graund  to  tk>  pkte  of  Hm 

pump,  with  the  intorpociUon  of  m  filMlaiNM  mlMtance,  than  when  H  U 
placed  on  wet  leather,  as  it  has  sometimes  been  usual  to  do.  l*he  quantilj 
of  atmoppherical  or  incondensaMe  air  nrtually  existiiiGr  in  the  rpceiver, 
whether  mixed  with  vapour  or  alujit,  is  mousured  by  moans  of  Smeatnn's 
pear  gage,*  which  is  left  open  under  tlie  receiver  during  the  exlwiustion, 
and  having  its  orihce  then  plunged,  by  means  of  a  wire  paaaing  tiirough  & 
MUur  of  iMllttr^  It^  m  Ymrnm  ti  nMfcmy,  ttahm,  upon  the  mdmMon 
oftlw  air,  aa  mvdi  of  tlia  meicniy  asia  auttciaiit  to  fiU  it|  leaving  only  in 
ft  tube  Mag  from  tha  aaok  of  llu  gage»  Ilia  anatt  qpiantity  of  air  wiiieli 
had  bolbie  filled  tha  iHiola  caTity,  so  tbat  from  the  spac^  oooupiad  by  tiua 
tit,  compared,  hy  means  of  previous  meaaiitaaMnta^  with  the  ciqiaflily  of  Um 
gage,  thedeirree  of  exhaustion  of  tlie  pump  with  respect  to  air  may  he  es- 
timated. It  siiid  th:it  in  an  air  i)uni]>  of  CuthViertson's  construction,  such 
a  rarefaction  has  been  procured  that  the  air  sustaiued  hut  one  huii'ln  iith 
part  of  an  inch  of  mercur}r,t  that  is,  it  was  expanded  to  nearly  SOQO  timeti 
its  original  bulk.  The  pear  gage  ofken  Indicates  a  mnoh  more  complete 
azhmistion,  bat  this  measuMmani  relates  only  to  tha  qnaality  of  diy  air 
pfeeentt  (Flato  XXIV.  F{g*  SM.) 

A  condenser  is  the  reverse  of  aa  air  punp ;  and  sometimss  flia  aama 
— «j»fc»«»^  {0  made  to  serve  for  both  purpoFc^ ;  but  <ha  oondnnaw  roqniBss 
more  strength  than  the  air  pump,  artf?  ilelicacy.  The  gage  for  measur- 
ing the  degree  of  cont]cn«?ation  is  a  .-iina!!  ]iortion  of  nir  contairu'<l  in  a  u:rn- 
duatcd  cylindrical  t  ill  It',  tin  space  that  it  m  t  upies  h«.'ing  indicated  by  a  drop 
of  mercury  which  contines  it.    (Plate  XXIV.  Fig.  329.) 

Diving  bells  were  formerly  suppli^  with  air  by  means  of  iMnrdB  let 
down  eontinnaUy  from  the  aniftee  of  the  water,  and  taiken  into  the  bell  by 
11m  divan ;  but  it  ia  now  more  nsnal  to  fofoa  down  a  ooostaat  stnam  by 
means  of  a  pump  resembling  a  oondenm  in  itsoonslniollaii  and  operattoa ; 
the  heated  air  is  aoffnod  to  escape  by  a  stopcock  alt  tha  upper  part  of 
the  bell.  When  proper  care  is  taken  to  lower  the  machine  gradually, 
the  diver  can  suj)port  the  pressure  of  an  atmosphere  of  twice  or  tlirice 
the  natural  density.  It  would  lu'  ;nl\ is.il  le  that  every  diver  shoul  i  he 
provided  with  a  float  of  cork,  or  with  a  hollow  ball  of  metal,  which 
might  be  sufficient  to  raise  liim  slowly  to  the  surfsoe,  in  case  of  any 
•oddsnt  happening  to  tha  bell ;  Ibr  want  of  a  pncantloii  of  iUa  kind» 
aereral  lives  have  been  loot  from  oonftision  in  the  i%nab.§  (Plate  XXIV. 
Big.  800.) 

Bellows  are  commonly  made  of  boards  connected  by  leather,  so  as  to 
aUow  of  alternately  increashag  and  diminishmg  the  magnitude  of  their 
cavitiei^  tlie  air  beiqg  supplied  from  without  by  a  valve.  The  blast  must 

*  Ph.  Tr.  !752,  p.  120. 

t  CuihberUoo,  ]>escriptkm  of  an  improved  Air  Pump,  1783,  (38. 

t  See  N«inie*s  Aoeoont  of  ione  EzperioieniB  ntde  with  an  Air  Pttmp,  Fh.  Tr. 

1777,  p.  622.    Hnz.  Jonm.  \i.  KiO  ;  xxr.  261. 

.  i  See  Ualiey's  Art  of  Living  imOer  Water,  Ph.  Tr.  1716,  p.  492 1  1721,  p.  177. 
AeityenlHvinB  Bdls,  Fb.  Meg. xv,  9. 
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be  intermitted  while  the  cavity  is  re]>leni3hed  ;  and  in  order  to  avoid  this 
inconvenience,  a  second  cavity  is Bometinies added,  and  loaded  with  u  \veit,^lit, 
'which  preserves  the  continuity  of  the  stream.  If  great  unifonnily  be 
required  in  tiit>  blast,  it  will  be  necessary  to  take  care  tiiat  the  cavity  be  so 
temad  at  to  be  equally  dinuniehed  while  Uie  weight  deecends  through  equal 
flfMee;  bni  potwithiiaiiding  this  pveoantioD,  Uiere  wami  alwiye  lie  an 
•dditwiMil  Teiocify  while  the  new  aupply  of  air  ie  eateriog  from  the  fin( 
OA^ity.  SamBtfuMi  the  amstmetiflB  of  the  bellows  TeeemMea  that  of  a 
fkndagpnnp;  and  then,  if  the  barrel  is  a  aeoond  barrel,  loaded  frith 
a  weighty  mnat  be  provided,  in  order  to  equaliae  the  blast :  or  a  veaeel 
inverted  in  water,  and  eitlier  loaded  or  fixed,  may  supply  the  place  of  the 
secoml  barrel.  Tlic  fir'^t  cavity  may  also  be  formed  of  a  similar  inverted 
ves&el,  Husjttniled  t(>  ii  be;im,  ho  as  to  be  moved  up  and  down  in  the  water, 
and  such  a  liiacliint'  is  much  used,  in  lari^e  founderies,  under  the  lumie  of 
li^draulic  bellows.  The  (j^uautity  of  water  employeci  may  be  muck  dimi- 
niafaed,  and  the  operation  expedited,  by  iutrodocing,  in  the  centra  of  the 
inverted  iFBaaal,  a  fixed  eolid»  or  an  internal  faiTeited  veaeelt'capAbie  of 
neariy  fiUiqg  np  the  eavity  of  tlie  moveable  tmbbI  when  it  is  in  ite  kweet 
poaitifln,  eatliat  the  water  only  oeonpiea  apart  of  the  intentioe  between  the 
veeeek,  (FUte  XXIY.  381.) 

The  gasometer  diffnrs  little  from  the  hydraulic  bellows,  except  that  it  is 
prorided  with  stopcocks  instead  of  valves,  and  the  moveable  cylinder  is 
supported  by  a  coun{er]>oist\  wliich,  in  the  best  kind,  nets  on  n  spiral  fnsee, 
calculated  t  1  ( ,>ri  t't  t  the  ditt'ereuce  of  pressure  arising  from  Uie  greater  or 
less  iiminirsioii  uf  the  cylinder.    (Plate  XXIV.  Fig.  .'3vl2.) 

A  shower  of  water,  or  even  an  irr^;iLlar  stream,  being  conveyed  through 
ndoaeending  pipe,  plunged  into  the  water  of  a  reewoir,  a  Urge  quantity  of 
•ir  b  earned  down  with  the  wator^  and  riaea  to  the  npper  part  of  an 
iBWtad  fomal  whkh  annmuida  the  pipe^  iriienee  it  may  be  oonveyed 
thmnii^  another  plpa^  in  a  inpld  stream,  for  any  raqnirad  pnipoae ;  and 
the  water  escapes  at  the  bottom  of  the  Air  vessel  into  the  general  reser- 
voir, the  surface  of  which  it  nma  off>  The  quantity  of  air  sup- 
plied by  theee  aiiower  bellows  iu^  however,  small.  (Plate  XXXV.  Fig. 
963.) 

The  velocity  of  the  blast  produced  by  any  pressure,  forcing  the  air 
throiigit  a  pipe  of  moderate  dimensions,  may  readily  be  determined  from 
the  height  of  a  column  uf  air  equivaleut  to  the  pressure.  Thus  if  the 
hydianHo  hallows  ware  wotM  wifli  a  ooaatant  pteaaoia  of  Ibnr  fret  of 
wnter,  the  vdoeity  would  ooneapond  to  n  he%ht  of  about  9800  faaty 
andthealrwonldmovethMMighaapaeeofaboiit460fiMtinaaeeond.  But 
in  thb  cakolation  no  allowanos  is  made  for  any  of  the  causes  which 
diminlwh  in  all  cases  the  diseliaige  el  fluids,  and  the  velodty  actually 
observed  is  only  five  eighths  as  great  as  that  which  corresponds  to  the 
beii:!it  ;  that  is,  in  the  example  here  s^iven,  2B.5  feet  in  a  second,  when  the 
air  escnpcf?  throiitrh  a  small  onhce  ;  hut  «hcn  it  moves  in  a  pipe, about 
three  fill! rtlis,  or  feet.  If  the  pipe  were  of  <  onsidenible  length,  tliere 
wuuid  also  be  a  diminution  of  velocity  on  account  of  friction.  In 
Kttne  bellows  actually  employed,  a  pi-essure  equivaleut  to  nine  feet  of 
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witor  it  mnHMt  and  ia  Urit  eMe  Ot  mMttf  ma^  be  aboot  MO  fmk 

in  a  second. 

Bellows  may  be  used  for  the  ventilation  of  a  mine,  pither  by  forcing 
air  into  it,  nr  by  drawing  it  feut  through  a  pipe  connected  with  the  valve. 
The  wind  may  also  l>e  received  by  the  mouth  of  a  tube  a  little  conical,  and 
may  be  made  to  cause  a  curr^  where  it  in  conveyed ;  such  an  Lastnuneni 
ii  aoueliiiMB  oallfld  a  wiadaaQ,  or  a  liovae  hmL  it  haa  baea  propoatd  ta 
tew  the  air  up  through  a  pipe  by  the  lafeeeal  fiMoii  el  a  enmnt  eC  air 
leodTed  bj  aiidi  a  fundy  baft  tlw  eOM  ironld  psobd^y 

nmeh.  practical  utility. 

A  com  fan  is  turned  by  the  hand  or  by  machinery  ;  its  simplest  opera- 
tion is  to  cause  a  portion  of  air  to  rev(»lvp  with  it,  and  to  create  a  wind  in 
the  direction  of  its  circumference.  But  wIk  u  a  sinail  fan  b  made  to  revolve 
with  ern^at  rapidity,  as  in  Papin's  Hessiau  Ik  Hows,  the  centrifu^il  force 
causes  tiie  air  admitted  at  the  centre  to  ru^ili  tuwardii  tUe  circuiuiereuo^ 
and  te  pan  with  great  velocity  through  a  pipe  inaeilMl  tiwn.  Tlw  ooaik* 
men  veBtflater  plaead  in  windvwi^  whidi  revohea  intlia  mbm  maniier  aa 
a  tmAsnjukf  in  eonaeqncnee  ef  the  impnlae  of  a  eonent  of  air»  aervea 
only  to  retard  a  Bttle  theentranee  of  that  oatfenl^  to  dispem  ii  in  some 
measure  in  different  directions,  and  to  prevent  any  aadden  increase  of  the 
intensity  of  the  draught ;  but  it  has  little  or  no  power  of  acting  on  the  air, 
so  as  to  prevent  the  decrease  ef  the  velocity  o£  the  current.  (Plate  XXIV* 
Fig.  334.) 

The  operation  of  heat  affords  m  also  a  very  effisctual  mode  of  ventilation. 
Its  action  upon  air  at  common  temperatures  occanona  on  expanrion  of 
about  for  every  degree  that  Fihiinluit'a  thermometer  ia  raiaed ;  theair 
beoomes  in  tlie  eame  proportion  lighter,  and  ilie  ilnid  beiow  it  ia  oooae- 
qnently  relieved  from  a  part  of  ita  weight :  the  pressure  of  the  surrounding 
atmosphere,  therefore,  preponderates,  and  the  lighter  column  is  forced 
npwards.  When  the  nhaft  of  a  mine  communicates  with  the  external  air 
at  two  different  heijjhts,  there  is  generally  a  sulficient  ventilation  from  the 
difference  of  the  temperatures  of  the  air  in  the  shaft,  and  of  the  surrounding 
atinoRphere:  for  the  temperature  of  the  earth  is  nearly  invariable,  it 
therefore  causes  the  air  iu  the  slkaft  to  be  warmer  In  winter  than  the 
external  air^  and  colder  in  spnnmer;  so  that  then  is  a  emrait  npwaida  ia 
ninter,  and  downwarda  in  annuner ;  and  in  tiie  nam  tempewta  aeaaoni, 
the  attenatlona  tahe  plaee  in  the  oonise  of  the  day  and  nig^t^  For  m 
rfmilar  reason  there  is  often  a  current  down  a  common  chimney  in  sum- 
mer ;  but  when  the  fire  is  burning,  the  whole  air  of  the  chimney  is  heated, 
and  a8ro!id«  th»»  more  rapidly  as  the  heiirht  ih  preftier.  Tt  would  be  easy^ 
ft  ni  the  ]ii  iju  i|ilrs  of  hydraulics,  if  the  lengtli  of  tlie  cluiiiney,  and  the 
mean  Uuipeiatuie  of  the  air  in  it  were  given,  t^  calculate  the  velocity  of 
the  draught :  thus  if  the  iicight  of  the  chimney  wei'e  &0  feet,  and  the  air 
ooiitained  in  it  10  degrees  hotter  tluatiift  eaet«nuddr»  the  escpansionwotild 
beoiieflftieth»aindtiiapressni8of  the  whole  ealaam  beiqg  dlminislMd  ona 
fiftieth,  the  difcsnce  would  he  equivalent  ta  a  oofamui  ef  etas  foot  in 
height,  and  sodi  a  column  would  represent  the  pressure  causing  the 
draughty  whieh  migh^  thenfoi%  be  expected  to  have  a  veioeily  of  6  M 
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kkmmatmL  If  tfae  nem  irm  ptrfMj  eland,  afr  MnMM  fai  It 
wmtd  by  d^gvew  beeooM  tomMh  l||^iftv41iaiitiie«>leittilab',  atirovU 
eqvitralait  to  nm  fMt  of  tt»  hal^  «^  thi  odIiiibb  ettbrfag  Ae  iNWh 
mre,  and  tiio  ctin-ent  would  thott  ilop  ;  if  freah  air  ipve  gradually  ad- 
adltod  by  a  smtdl  oiifiMi  the  emreat  would  again  go  on,  but  the  air  in 
the  room  would  always  remain  somewhat  rarer  than  the  external  «t- 
]no9|)here,  unless  a  fresli  supply  were  admitted  throni^h  nmple  openings. 

The  object  of  a  chimney  is  not  bo  much  to  ventilate  the  room,  as  to  pro- 
vide a  sufficiently  raj  ul  'supply  of  air  for  maintaining  the  proceai  of  com- 
butittou,  and  to  carry  oil  the  |)r()ducts  of  that  process :  hence,  it  In  desirable 
to  allow  as  little  air  as  poesible  to  enter  the  chimqr  wittioat  paaiii^ 
thiM|^  tha  iro ;  aad  lUa  It  tba  baat  g«Mnl  moda  d  wrMag  Eutky 
fiWuiw.  Fw  wiad  taimem,  the  flna  ehoiild  be  aa  aqwUe  as  pooailde^ 
vuQugnoitt  ns  naigin^  or  wiaauou  zasMF  uan  oontaaoxM  in  naaaceiiB^  somi 
£na  froB  any  considerable  angles. 

Tha  aaaant  of  a  baUoon  is  an  effect  of  "At  aasM  Uad  aa  that  of  air  in  a 
chimney,  and  arises  sometimes  from  the  same  caose,  when  the  air  within  it 

eTpanded  by  heat ;  but  more  commonly  from  the  greater  rarit}"  of  hydro- 
gen gas,  with  which  the  balloon  is  filled,  and  which,  when  pure,  is  only  one 
thirt^nth  as  lieavy  as  atmospherical  air,  but  as  it  is  commonly  used,  al>out 
one  tifth  or  one  sixth. 

Tke  steam  eng^  is  perhaps  the  most  magnificent  effort  of  laecshanioil 
fawn ;  it  haaimdaigMia  oiimiiiliii  changes,  aad  it  appeaiato  bavo  ban 
btoight  very  naar  to  pattettmn  by  tha  impfovenaiita  of  Mr.  Watt  The 
picsanra  of  ateam  waa  fint  i^pliad  bj  tfaa  Jluqiiia  of  Woveiafear,*  and 
aflarwftrdaby  Sareiy^t  toafltimiiiediclely  on  the  surface  of  water  coBtiliied 
hi  a  ckaa  Ttawl,  and  this  water  was  forced,  bythe  elaetfaity  of  the  steam,  to 
ascend  through  a  pipe.  But  a  great  degree  of  heat  was  required  for  raising 
water  to  aiiy  considerable  height  by  this  machine  ;  for  in  order  that  steam 
may  be  made  capable  of  supporting,  in  addition  to  tlio  atmospherical  pres- 
sure, a  column  of  84  feet  of  water,  it*^  temperature  must  i>e  raised  to  248* 
of  Fahrenheit,  and  tor  a  column  of  6H  feet,  to  271°  ;  such  a  pressure,  aku, 
acUng  on  the  intemid  surface  of  the  ressels,  made  it  necessary  that  they. 
iho«Mba«zlraiMljilraig;  andthahaighttowblchwitarooiiUbetewB 
«p  from  bitow,  wkm  the  atoaA  waaoo&deaaBd,  waalfairilad  toMor  MfceU 
A  alill  graate  abjaolioii  waa,  lumwai,  tha  gtsBt  ^wnriSlty  of  atam  naon^ 
larily  wasted,  on  account  of  its  coming  into  contact  with  the  cold  water 
and  tiM  leoeiTer,  the  surfaces  of  which  required  to  be  heated  to  its  own 
temperature,  before  the  water  could  be  expelled  ;  hence  a  tenth  or  a  twen- 
tieth jmrt  only  of  the  steam  produced  could  be  effVctivo  ;  t\m]  thvre  would 
probaMy  hftvo  Itcdi  a  still  greater  lns«?,  but  fnr  the  dithcuity  with  whitdl 
heat  is  conducted  downwards  in  tluids.    These.  inowiTeniencea  were  in 

*  ^rc  p  278.  There  is  reason  to  lirlirve  tbat  Iloolce,  in  1C78,  was  master  of  the 
principle  ;  for  be  gives  iua  cypher  the  outline  uf  "  a  very  extraordinaryiuTention  in 
ihwheiiha  ■tiimi  ibsiiihawis  »f  pi  umliwi  iwHiim,  fiii  wiwut  am"  namhsrls 
exprewed  by  Poniimmfnmt  mt  aecimwi  gaod  igmt  rwUehm  ut.  Wallers  Ulb 
of  Uooke,  p.  21. 

t  Ph.  Tkr.  IIHHI,  p.  with  a  plate  of  Oe  engine.  ImpnmuMBiti  on  it  by  De 
Mowa,  Ph.  Tr.  175S,  p.  m. 
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gNtt  UMMim  ftTioided  bi  Newoomm's  «iigiiit,*  wtoe  tke  ttoam  gi»- 
dialij  intmduoed  into  «  ejUndflr,  ind  loddfliily  oontoMd  by  »  jd  of 
water,  80  that  the  piston  was  forced  down  with  great  violence  hj  the  pres- 
sure of  the  atmoephen^  which  produced  the  effective  stroke :  this  effect 

was,  however,  partly  employed  in  raising:  a  counterpoise,  which  descended 
upon  the  re  i'liiuHxiou  of  the  pteain,  aiui  worked  a  forciji^  puinp  in  it''  re- 
turn, when  %\'atrr  waa  to  be  rais^.  1.  'I'lie  t  ondenRation,  altliough  rapiii,  was, 
however,  neither  inatantaneouB,  nur  euinplete,  for  the  water  injected  into 
the  cylinder  had  its  tanperatnre  considerably  raised  by  the  heat  emitted 
by  the  ■tcom  diniiig  ito  conden— tion ;  it  eoaU  only  xoduw  tin 
itotm  to  its  own  tmpontiiTC^  tad  at  this  tompwatare  it  nii^  still  ntiiii 
a  osrlain  d^greo  of  claatieity ;  th«%  at  tlia  tampeiatim  of  180P  atoam  ia 
fioiind  to  be  capable  of  sustainii^  about  half  the  pnssnfo  of  the  atmonplMta^ 
so  that  the  dapiainon  of  the  piston  must  have  been  cooildanUiy  retarded 
by  the  remaining  elasticity  of  the  steam,  when  the  water  was  much  heated. 
The  water  of  the  jet  was  let  off  when  the  ]>iston  was  lowest,  and  was  after- 
wards pumped  up  to  serve  the  lioiltr,  as  it  ha  d  tlie  advantage  of  being 
already  hot.  This  engine,  with  Bei<?hton's  a]i{)aratu>5  for  turning  the  oocks^ 
was  until  lately  in  general  use,  and  it  in  aiih  very  frequently  employed.  In 
this,  as  well  as  in  other  steam  engine^  the  boiler  is  furnished  with  a  safety 
vtln,  iHildi  is  laised  whaa  ilio  Ibios  of  tfao  steam  beeanta  a  little  giaatar 
than  that  cf  the  ataaeaphaiio  piamue ;  and  It  ia  sniipliad  with  watar  bjr 
BMansof  aiuythcTTalTe,  which  isopenedwhoitheeiirfMeof  the  water  within 
it  fidls  toolow,  by  the  depression  of  a  block  of  stono  widchiaparfly  BD|i|Miitsd 
1^  the  water.   (Plate  XXI V.  Fig.  335,  336.) 

The  cylinder  of  Beighton's  machine  is  necessarily  much  cooled  by  the 
admission  of  tlie  jet,  and  by  exp<i?5tire  to  the  air.  Mr.  Watt  has  avoided 
Uiis  inconvenience  li\  pe  rforming  tht  t  ndensation  in  a  separate  vessel,  into 
which  a  smaU  jet  is  flowing  wiOiout  intennission  ;  and  by  introducing  Uie 
Hteani  alternate^  above  and  below  the  piston,  the  external  air  is  wholly  ex- 
dnded ;  the  piston  lod  woridag  in  aOoQar  of  leathers,  so  that  the  machine 
haa  a  double  aotion,  somowfaal  leaambling  that  of  LshiiaPs  double  pump ; 
and  the  stroke  bciitg  equally  effiMtaal  in  eaeh  diieelioii,  the  saaae  cylinder, 
by  means  of  an  iaowased  qwotily  of  steam,  performs  twiee  as  mttefa  wosk 
as  in  the  oommon  engine.  We  also  <m|iky,  if  we  thought  proper,  a 
lower  temperature  than  that  at  which  water  usuadly  boils^  and  work  in  this 
manner  with  a  smaller  quantity  of  steam  :  hnt  there  would  W  some  diffi- 
culty in  complet^^Iv  preventing  the  insinuation  of  tlie  common  air.  On  the 
other  hand,  we  hi  ay  raise  tlie  fire  so  as  to  furnish  steam  at  220**  or  more, 
and  thus  obtain  a  jiuwer  tiomewlmt  greater  than  that  of  the  atmospheric  jires- 
bure  ;  and  tliis  is  found  to  be  the  most  advanUgeous  mode  of  working  the 
engine ;  but  the  exc^  of  the  force  above  the  irtmo^herie  pleasure  c&nnoi 
be  greater  than  that  whioh  iseqviTalent  to  the  oolumn  of  water  desoending 
to  sopply  the  boiler,  sines  the  water  oonld  not  be  r^gnlaiiy  admitted  in 
opposiCioa  to  sodi  a  pressorSb  The  etsam  might  also  be  allowed  to  expand 
itself  within  the  qrllnder  for  some  time  after  its  admission,  and  in  this 
manner  it  appears  from  calcolatioo  that  much  men  foioe  might  be  obtained 

*  Bis  patent  is  dated  1706. 
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ftwBlitkMitf  liimMdflMadintiM  Mai  waaaatwm  Mottas  ita  ad- 

miftsion  ceases ;  but  tha  fomt  cf  afcaan  thiii  o^panding  is  much  dimiiualied 
by  the  cold  which  always  accompanies  such  aa  as^aiiiioiiyaBd  tUa  malhod 
would  be  liable  to  several  other  practical  inconTenienoea. 

The  peculiarities  of  Mr.  Watt's  <'onstructioii  require  also  Bome  other  ad- 
ditional arran^menta ;  thus,  it  is  necessary  to  have  a  pump,  to  raise  not 
only  the  water  out  of  the  con  (leaser,  but  also  the  air,  which  is  alwa^  s  ex- 
iricated  from  the  water  during  the  process  of  boiling.  If  the  water  em- 
ployed has  been  oblalaad  from  deep  w^  or  min^  it  contains  more  air 
than  lunialy  and  oi^jht  to  be  ezpoaed  for  soma  time  in  an  open  TCturoir  be* 
lom II b  viwd;  fbr  it  appeaia  Ihattlia  qnantity af  tir^  wbidh can  baaan^ 
taiaad  In  water,  ia  naaily  In  pmpoition  to  lha  pinaama  to  whlcb  it  Sa  anb- 
jacted.  The  admission  of  the  steam  into  the  cylinder  ia  ngnlated  by  the 
action  of  n  double  revolving  pandulunu  The  piston  is  preserved  in  a  sitn- 
ntion  very  nearly  vertical  by  means  of  a  moveable  parallelograni,  fixed  on 
the  beam,  which  corrects  its  curvilineftr  motion  hy  a  contrary  curvature. 
In  the  old  eiii(ine8,  a  chain  wdrking  on  an  arch  was  suthcient,  because 
there  was  no  tlirubt  upwanls.  When  a  rritatory  motion  is  required,  it  may 
be  obtained  either  hy  means  of  a  crank,  or  of  a  sun  and  planet  wheel,*  with 
the  afliatance  of  a  fly  wheel ;  this  machinery  is  generally  applied  to  the 
oppodia  and  of  tha  baam ;  bat  it  ia  aomalimta  immadiately  ooonaated  with 
tha  pialooy  and  Hm  baam  ia  not  employad.  ^^iindarlsnaoaByindoaad 
witbln  a  eaaa^  and  tha  inlaml  la  fillad  wUh  ataain,  wbioh  awaa  to  ooniina 
tha  haat  Toy  AatoaUy.  (Pkte  XXIY,  Fig.  987.) 

The  steam  enginaa  of  Maana.  BonUon  and  Watt  aia  add  to  save  three 
fourths  of  the  fuel  formerly  used  ;  and  it  appears  that  only  one  fourt)i  of 
the  whole  force  of  the  steam  is  wasted.  Such  a  machine,  with  a  tliirty 
Inch  cylinder,  pwlbnns  the  work  of  120  horaes^  working  8  hours  each  in 
the  day. 

When  the  water  producing  t!ie  condensation  is  to  be  raised  from  a  great 
depth)  a  oonaiderable  force  is  sometime  loet  in  pumping  it  up.  Henoe 
Mr.  Trafilfaiflkt  haa  atlonpled,  aa  Mr.  Watt  had  bdaed  long  before  pro- 
paaad,  to  avoid  oniiNly'  tha  naaoawty  of  eandenoation^  by  employing  ateam 
at  n  vary  liigh  tampamfenn^  and  allowing  it  to  aaoapa,  whan  ila  daotieity  ia 
ao  raduced  by  t^yimiy^j  as  only  to  a^pial  that  of  tlie  atmoephere :  the  air 
ptmip  ia  alao  muMcessary  in  this  construction,  and  for  a  small  machini^  it 
may  perhaps  succeed  tolerably  well.  But  there  must  always  be  a  very 
considerable  loss  of  steam,  and  although  the  expense  of  fuel  may  not  be 
increased  quite  in  the  same  ]>rnportion  as  the  elasticity  of  Uie  steam,  yet 
the  difference  is  prohably  inconsiderable.  A  trrf'Ht  number  of  less  essential 
alterations  have  also  been  made  iu  Mr.  Watt's  arrangements  by  various 
engineers,  but  they  have  generally  bean  oalonlated  either  for  obtaining  soma 
anbordinnta  purpoia  of  eanrfloknee^  or  for  imposing  on  tha  puUie  by  a 
fidladonaappaainnoaof  noivalty.  (Plata  XXIV.  Fig.  898.) 

nialbroa  of  ilaani,  or  of  haatad  Ta|Knnr»  ia  probably  alao  tha  immadiata 

*  After  flie  expirj  of  Wasbroagh's  patent  for  the  crauk,  the  sun  and  plauct  wheel 
was  diaoontiaved  la  Watt's  engiBaa,  and  is  now  never  ased. 
t  Baperlorjrof  Arta,  voLiv.  - 
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TIm  iiMal  ilMlidly  4if  tht  iidd  by  wittflh  ft 

pears,  fmtn  Btmoulli'g  e«loftla*MM»  U  b«  lA  liMt  efoal  4o  ten  tba—iJ 

ihueH  the  pressure  of  the  atmoRphere,  and  upon  the  most  modoate  comp^ 
tation,  from  Count  Romford's  experiments,  to  be  more  than  three  tinMS  as 
prprtt  a«f  tbiH.  The  quantity  of  moisture,  or  of  water  of  orvstallization,  con- 
tained m  the  powder,  is  certainly  too  sniiill  to  fumitdi  steam  enouirh  for  m 
great  an  €4!i»ct.  We  have  no  rtimm  to  supj  iose  that  the  elasticity  of  a  given 
quantity  of  any  aeriform  iiuiU  or  vapour  in  increased  more  thau  about  one 
hundredth  for  each  degree  of  Fafanahait  thi^  its  tempexature  b  ela- 
val«d;  wdif  ^  suppoM  the  hMllo  beniaed  to  more  than  MMO  d^giiM^ 
the  foroe  of  each  grain  of  water  oonrartad  into  eteam  will  only  he  lacweaed 
tenfold;  eotluvtif thealaetieily  wna'IOtlieiuand  tfaaia m  giiat^ dia den- 
rity  must  be  4  thousand  times  as  giMtaathatef  Oidiiiaiy  atiaai,  aad  tlM 
whole  space  roust  be  fil)e<l  with  an  aqueous  vapour  alnoil  twice  as  dense 
as  water  itself.  It  is,  therefore,  probable  that  some  other  parts  of  the 
materials  assume,  top^ther  with  the  water,  the  state  of  vapour,  and  possess 
in  this  form  a  nmeh  e renter  elasticity  than  that  of  the  steam  :  for  tlie  <}n«n- 
tity  '  f  fiin  is  |iLi'marieiitly  elastic:,  which  are  extricated,  must  be  allowed  to 
be  wholly  inadequate  to  the  effect.  ^ 

The  force  of  fired  gunpowder  ia  fbnnd  to  be  very  nearly  propettioMl  to 
the  quantity  employed  ;  ooneeqaently,  if  weneBtoei  the  oeuidaBalton  of  the 
reeietanoeof  theafcBioqpheare»thaeqpttaof  tbaiprioei^ef  thaba^ 
to  wbidi  it  will  riee^  and  He  greateat  horiaontal  range,  nmet  be  diiaeliy  aa 
the  quantity  powder,  and  invefady  aa  the  weight  of  the  balL  Count 
Rumfford,*  howefrar,  found  that  the  eame  quantity  of  powdar  emtod  aeaw 
what  more  force  on  a  larpc  hall  than  on  a  smaller  one. 

The  essential  properties  of  a  gun  are  to  cunhne  the  elastic  tiuiil  as  com- 
pletely as  [H>stiible,  and  to  direct  the  motion  of  the  bullet  in  a  vrrtilitH  ar 
path  ;  and  hence  arises  the  necessity  of  an  accurate  bore.  Tlit  advaiiLage 
of  u  riliu  barrel  is  principally  derived  from  the  more  perfect  contact  of  the 
buUet  with  ite  cavity ;  it  ie  aleo  euppoeed  to  pcodiioe  ft  rotfttfon  rauid  an 
ftxifl  in  the  diieettoD  of  its  mo«io%  wfaioh  Mndan  tt  la»  liftbia  to  dafifttiena 
fhimitopalfaonaeeGnntof  imgulnritieainthaneialiM  The 
naual  chaiga  of  powder  ia  one  fifth  or  one  azth  of  the  wdghtof  the  bal^ 
«nd  tor  battering,  one  third.  When  a  24  pounder  is  fired  with  two  tUide 
of  ite  we^ht  of  powder,  it  may  be  thrown  abnost  four  miles,  tlic  resistance 
of  the  air  reducing  the  dietanee  to  about  one  fifth  of  that  whkh  it  would 
descril>e  in  a  vacunm. 

Ilul]«'ts  of  all  kinds  are  usually  cast  in  separate  moulds:  shot  are 
graiiuiatcd  by  allowing  the  lead,  melted  with  a  little  arsenic,  to  pu^is 
through  perforations  in  tlie  bottom  of  a  vesitel,  and  to  drop  in  a  show^ 
into  weler.  The  patent  shot  fall  in  this  prooew  throogh  a  height  of  IW 
feet :  the  roundeet  are  eeparaled  by  rolling  them  down  an  Inclined  plane 
eiightly  grooved,  thoee  whieh  em  of  an  irregnlwfonn  hSihtg  off  at  the  Me. 

Condeneed  ur  may  also  be  employed  for  propelUtig  a  bullet  by  meane 

*  New  SiperimcnU  upon  Gunpowder,  by  Benjamhl  TheBspeOBy  Wh,  Tr*  ITBU 
p.  229.   CoMoU  OsltOD,  Msadwrtsr  Memoin,  vol.  v. 
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«l        gnn,  M  liritramrt  <if  eonddanUe  Mrtiq^ 
It  b  oMnu  tkaft  no  bmman  foree  Ma  m  ftv  inmM  tht  dndly  of 
air  as  to  ibbIm  ha  elasticity  at  all  MmpanU*  to  HhI  of  the  fluid  evolved 
bgr       gunpowder,  and  even  if  it  wtM  Nd«oed  to  such  a  state,  its  eflFects 

wonM  still  he  far  inferior  to  those  of  pnnpowder :  for  the  ntinost  v»'h»city, 
with  whit  li  it  could  expand  itself,  would  not  exceetl  1300  tVi  t  iii  a  second, 
and  it  ^volll^l,  therefore,  be  incapable  of  imparting  to  a  ball  a  velocity  even 
as  great  as  Uiis,  while  tlie  vapour  of  gunpowder  impels  a  heavy  ball  with 
a  Tdoeity  of  more  than  2000  feet  in  a  Bwond.  Wbin,  howem,  it  Is 
oouldend  that  bgr  &r  tlia  greatest  part  of  nidi  a  tdodty  aa  thJa  is  fua- 
hady  cmplojed,  and  that  the  meehaiiicial  power  whidi  is  ptadioallx 
obtained  froia  gonpovder  is  mnch  nu»e  expensive  than  an  eqnivalent 
exertion  of  any  of  the  ordinary  eonrees  of  motion,  it  most  be  allowed 
that  the  force  of  condensed  air  may  possihly  he  applied  in  *ome  caswi  with 
advantage  as  a  sabelitole  for  that  of  gunpowder.  (Plate  XXIV.  Jb^.  SQIk} 

[The  improvements  which  have  been  efiected  in  the  construction  of  con- 
densing Hteam  engines  since  the  time  of  the  publication  of  these  Lectures, 
an  nelthar  hm  mat  nnimportani.  Aa^  liowevtr,  moat  of  them  are  eon- 
neeted  with  detaila^  rather  than  with  prinolplea^  it  will  not  be  neeeaaaiy  to 
give  a  Toy  qiedfie  aeooont  of  tlieni.  Tlkey  eonalet  of  altetalioiia  In  the 
construction  of  fdmaoae  and  the  regulation  of  the  fire  ;  better  forms  of  the 
boiler  aTid  n]>peiidages ;  simpler  modes  of  etfecting  a  communication 
between  the  boiler,  the  cylinder,  and  the  condensi  r,  hy  a  new  form  of  tlie 
valves,  and  an  improved  way  of  opening  them  ;  and,  lastly,  more  accurate 
metbods  of  fitting  tlie  ditterent  portions  toj^ther,  so  as  to  lose  less  heat  and 
to  waste  Im  steam,  liany  of  these  improvements  are  the  results  of  prac- 
tieal  ei^erienoe.  Aboail811,theproprietonof  aoBieof  tiieCornlBhnilnaa 
aeleMiahed  a  lyatem  of  biepeotion  af  their  enginea^  the  eficecy  of  wUeh  is 
fnHjr  erineed  by  the  work  of  the  rmiiatrar  and  Inapeotor*  Captain  Lean. 
He  mentions  the  following  instance  of  it,*  "  relative  to  Stray  Park  engine, 
a  single  engine,  on  Boulton  and  Watt's  construction,  of  sixty-inch  cylinder. 
Wb^n  tliis  engine  was  first  piit  on  the  report  In  IRIl,  its  duty  was  below 
lit  niillions  :  during  cii^ht  iimnths,  ending  witli  April  1818,  it  bad  consumed 
17,0.*i.S  bushels  of  coal,  pei  ftuming  the  average  duty  of  21 'o  millions,  and 
worked  at  the  rate  of  5  strokes  per  minute  :  during  cigiit  months,  ending 
wifli  April  1814,  It  lied  consumed  only  12,671  bodida  of  coal,  perfonned 
the  atezi^  dnty  of  90^6  ™|Bffiia,  and  worlced  at  the  rate  of  K*7  etraleee  per 
ninnte."  And  from  the  aame  work  it  appean,  that  the  avenge  dnty  had, 
np  to  1834,  increaaed  from  S6*6  to  90  millions ;  the  duty  being  the  number 
of  pounds  which  arc  raised  one  foot  high  by  a  bushel  of  coala.  The  eco- 
nomy of  the  Cornish  boiler  and  its  appendages  b  due,  in  a  v^Trnt  measure, 
to  the  extent  of  mirfHrf>  which  is  presented  to  the  flime.  This  i-?  efTcdrd 
by  a  number  of  tiues,  external  and  internal,  tlie  Intti  i  >  uirwhat  analogous* 
to  those  of  tlie  li)c<iinotive  boiler,  which  will  be  described  ])resently.  The 
fire  is  laid  on  in  lart;e  masses,  and  allowed  to  consume  slowly,  whilst  the] 

*  HistoHcnl  Statements  nf  the  Im{)rovemf>nts  on  the  Duty  oC  Engfaws  in  Com* 
walL    By  T.  Lean  &  Bruther,  183G.   Introd.  p.  II. 
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[space  which  the  evolved  gases,  &c.  hAve  to  travel  before  they  quit  the 
neighbourhood  of  the  water,  enables  them  both  to  be  thoroughly  consumed, 
and  to  part  with  all  their  heat  to  advantage.  The  communications  between 
the  cylinder  and  boiler,  and  cylinder  and  condenser,  are  commonly  made  by 
means  of  a  sliding  valve,  which,  from  its  shape,  is  known  by  the  name  of 
the  D  valve.   It  is  seen  in  figures  (1)  and  (2), 


F*g.  I. 


Fig.  2. 


and  consists  of  nothing  more  than  a  slide  G  of  this  shape, 
placed  in  the  steam  chest,  the  opening  be  being  sufficiently 
wide  to  allow  a  free  communication  between  the  passage 
which  leads  to  the  eduction  pipe  T,  and  one  of  the  passages 
to  the  cylinder,  whilst  it  closes  the  latter  from  the  steam  chest. 
Thus,  in  figure  1,  the  communication  is  between  the  bottom 
of  the  cylinder  and  the  condenser,  whilst  steam  is  entering  to  the  top  of  the 
cylinder.    In  figure  2  it  is  the  reverse. 

The  apparatus  by  which  the  valve  is  slid  up  and  down  is  seen  at 
figure  (3), 
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ftht  vod  EF,  whkh  mom  tlie  filve^  infigi.  1  and  E^btbgmiited  toitat  O. 
It  is  eallsd  an  iooentric^  and  coiuiila  of  a  luUow  eiid«  wmSdng  on  a  aoJid 
ODC^  tibe  centre  of  motion  of  which  is  not  tha  centre  of  the  ends.  As  the 

oentros  of  both  circles  always  coincide,  and  thut  of  the  solid  circle  revolves 
about  the  Mntre  of  motion,  the  rod  CM  will  be  moved  lovwaids  and  back- 

wards,  and  consequently  O  will  move  upwards  and  downwards,  and  effect 
the  different  communis  ations  and  interruptions  hy  the  n'v]  nf  the  I)  valve. 

The  applicati  n  nf  tli!'  stf  jun  i  nline  to  navigation,  which  took  place  ahout 
the  time  of  the  appearance  of  Dr.  Young's  work,  was  a  result  so  obvious  and 
necessary,  that  it  required  the  development  of  no  new  principles,  and  hut 
litUo  rafinemeni  in  the  application  of  tlioae  already  recognised,  to  bring  it 
aboot.  Ths  lise  and  wdght  of  Ilia  madiinwyno  donbt  oiwed  aoouidoiabls 
obotade  at  lint,  inaanrach  as  ths  f oi«s  obtained  might  bear  too  small  a  pro- 
portion to  the  mass  to  be  moved  and  tlia  tasiatance  to  be  overeoms,  to  render 
it  economical.  And  this  in  iutt  appeam  to  have  been  the  case  with  tha 
earlier  application  of  steam  power  to  navigation,  that  of  Mr.  Symington. 
But  the  perseverance  of  Fulton,  Henry  Bell,  and  others,  ohviat^d  all  these 
difficulties,  whilst  successive  improvement''  T)otli  in  tlie  arrangements  and 
the  construction  of  the  different  parts  i>f  tiu'  nun liinri  v,  have  rendered 
the  expenditure  of  fuel  very  luucii  less  than  it  was  a  quarter  of  a  cen- 
tury ago. 

For  a  oonddamUs  tima  steam  vcaaals  pliad  only  on  riven,  not  daring  to 
▼antnre  into  the  open  sea,  and  nautical  men,  for  the  most  part,  entertained 
the  opinion  that  they  were  unfitted  to  brave  it  George  Dodd,  an  enter- 
pfidng  bnt  unfortunate  man,  decided  iiiis  point  He  came  down  to  Glas- 
gow and  fitted  up  a  littie  veeael  of  75  tons  burthen,  with  a  steam  engine  of 
14  horse  power,  in  which  he  started  with  a  crew  of  five  aeamen,  two  engine 
men,  and  a  hoy,  for  London.  AUhous:h  the  voyage  was  stormy,  it  was 
safely  perfoniud  in  122  liours  (exclusive  nf  stoppages).  DruM  vva-^  emi- 
nent as  engineer  ;  he  projected  W  aieri(x»  Bridge  and  the  Thames  Tunnel,* 
purposing  to  carry  it  across  from  Graveseud  to  Tilbury,  at  the  estimated 
cost  of  under  £16,000 !  t  Yet,  with  talent,  enei^y,  and  courage,  he  almost 
liteially  died  in  the  itieeCs  a  beggar.  His  actiro  mind  led  him  into  die- 
aitvMia  schemee  failnre  impoverished  him  and  drove  him  to  intempe- 
ranoi^  which  ended  in  destitntion  and  pmnatnre  death. 

The  adaptati<m  of  the  steam  engine  to  the  propelling  of  veowls  is  now 
Fo  universally  known,  that  a  very  hrief  description  of  the  mode  of  effecting 
it  will  suffice.  Across  the  deck  of  the^veeeel  is  carried  a  shaft,  to  the  ex- 
tremitiew  of  which  paddle  wheels  are  fixed,  the  action  of  which  every  one 
is  familiar  witli.  On  this  shaft  tNvtt  cranks  arf  con^^trncted  at  right  angles 
t^  each  other,  on  whicli  the  connecting  rods  of  the  two  en^'ines  respectively 
work.  By  tliis  contrivance  a  tolerable  niiifonviity  of  actiou  is  produced, 
without  the  aid  of  a  fly  wheel,  the  one  engine  being  in  its  position  of 
gnateat  eflaot  when  tha  othar  ia  in  the  oontrary  poritioo.  The  principal 
fsatnre  in  the  coostraction  of  marine  engines,  aa  compared  with  land  ones, 
eonaiila  in  tho  revereal  of  the  beam,  to  prevent  Uie  inoonvenienee  of  ite j 

*  Stuart's  Anecdotes,  p.  534.    Probably      father  was  the  projector, 
t  Niakotaon's  Joaiml,  it  M,  473. 
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[jWDferadiiigftboTOdMk.  TpewMKct  it  wtth  the  yittonipd»<tt<wipkw  »• 
altadied  to  the  top  of  tiie  ktter,  whkh  tttend  beyond  ilw  cylinder.  Mid 
■ie»  on  each  side  of  it,  uaited  bjpttiM  nwtioiietoooBiMeli^  rods  widflli 

49ommunicate  with  the  beam. 

Tn  t)n8  country  the  <?tcrun  i?^  applied  to  marine  cn^^inew  at  a  temperature 
not  greatly  exceetling  the  builiug  point ;  but  ui  America  the  ca*5e  is  othtr- 
wisf,  the  Hieam  beiiig  often  appUed  at  such  a  temperature  as  tu  proUui^e 
double  the  pressure  it  does  uuder  ordinary  circumstances. 

Where  lightneae  is  sa  objeet,  the  eovdeiudngr  apparatiu  is  sltog^er 
done  away  with,  iteam  of  s  high  temperataie  being  employed,  which,  elkec 
it  lias  done  ite  work^  is  aUowed  to  eeoape  into  the  air.  An  engine  on  this 
principle  ie  designated  aAyfc  ptmtmt  engine.  The  pieesoxe  of  steam  in* 
creases  very  rapidly  with  its  temperature,  because  its  density  increases  at 
the  same  time.  The  law  which  connnots  the  two  is  gi?en  enpizieaiiy  by 
Dr.  Yonng  (yoL  ii.  p.  308),  as 

Cf=(l.  4-  •Odl^il/)'', 

d  being  the  It  ]  th  of  mercury  in  atmosplieres  of  in.  each,  which  would 
press  as  niucli  a«  f^toam  at  a  temperature  f  of  Fahrenheit  abore  212**. 
Thus,  at  212%  d=l  atmosphere  =  weight  of  liO  iu.  uf  mercury  =  about 
15lbe.  per  square  inch;  at  260%  /s:38,  d=st  {I- I102y  m^m  Uttle  nu»e 
than  %  or  the  prenoie  is  more  than  doubled.  Many  analogous  fennnhi 
liaTe  been  proposed  at  diflercnt  times.  That  of  tlw  Fnmldin  Institnte  ie 
il«(l+'00S33/)«. 

For  the  pnrpoee  of  inland  transport,  the  condensiqg  engine  is  inappli* 
cable,  on  account  of  the  weight  of  the  condeosfasg  appantiis*  As  early  as 
1802,  Mr.  Trevithifk  constructed  a  high-pressnre  engine,  in  which  the 
boiler  and  apparatni  formed  one  machine  :  Imt  it  was  h<>on  found  that  the 
routrhnoss  of  .common  roads  prcTentt  l  tli  ■  u^e  of  such  an  engine,  and 
finally  destroyed  it,  Mr.  Trevitliick  cunx  > [uently  turned  his  attention 
to  railroads ;  hut  a  diificulty  arose,  which  gave  uiucli  uuuecassary  trouble, 
from  the  fiut  d  ite  being  almoet  imaginary.  The  adhesion  of  tiie  whede 
wee  not  supposed  to  he  eoiiieient  to  prevent  their  slipping.  To  ohnats 
thii^  n»ions  deviose  were  put  in  requisition,*  such  as  radc  woil:^  pre- 
jeotang  moveable  feet»  &g.  £xperienee  finally  tangfat  that  the  friction  of 
the  driving  wheels  is  more  than  sufficient,  in  ordinaiy  cases,  to  prereni 
elip^ng,  providecl  a  considerable  portion  of  the  weight  be  made  to  press 
on  them.  Tliis  being  estaljliahed,  the  construction  of  the  working  enu'ine 
presents  no  insuperalilo  rlithculties.  The  following  is  a  brief  description 
of  one  of  the  most  approve<l  forms  of  the  locomotive. 

The  first  thing  to  be  attained  is  tlie  supply  of  a  large  quantity  of 
sieaiu  ut  a  high  t«u)perature,  and  irom  a  smaii  apparatus.  To  effect  this» 
as  large  a  soi&oe  as  poeubb  must  lie  exposed  to  the  aoUon  of  the  fir^ 
and  the  fnsl  iteelf  mnst  be  kept  in  a  Tigenme  elite  of  oembnation  by  a 
great  dnnight.  Thsss  objects  are  altaiaed  by  pei^fontiiv  the  hoUer,  which 
is  cylindricsl,  from  end  to  end*  by  npwarde  of  IHO  liellow  tubes  of  about 
two  inches  diameter.  Through  these  the  flame  and  heated  air  find  their 
way  from  the  grate  to  the  chimney ;  thus  imparting  heat  to  a  vaet  suiCms] 

*  See  Qoidoa'eTreeHie  on  gleeatel  Losemotjeo,  IW. 
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[of  water  with  which  they  come  in  contiguity.  To  accelerate  the  draught, 
the  steam  ejected  from  the  cylinder,  which  has  still  considerable  force,  is 
emitted  up  the  chimney,  thus  producing  a  rapid  current  in  that  direction. 
A  section  of  the  engine  is  given  in  figure  (4.)* 


•  From  Tredgold'i  work  on  the  Steam  Engine,  edited  hj  Woolliouse,  2  toU.  4to. 
1833.    I'l*te90.  b  j  ,  . 
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[It  will  be  seen,  that  by  fiir  tke  kigir  partcf  tlM  inaehiao  U  boiling 

Rpparatos ;  the  working  mncliiiwry  occupying  only  the  comparatively 
mudl  space  below.  That  portion  of  thp  V»oiler  which  contains  %vr\t<>r  U 
shadt'd  in  tlie  figure  ;  and  the  tubes  are  seen  at  H,  by  which  tlie  iiamc 
penetrates  the  whole  body  of  the  boiler  from  the  hre-box  C  to  the 
■iiiolcft-b(»  F.  Rrom  ev«ry  l«ri  of  the  surface  of  the  water,  steam  b  rapidly 
and  oaoiturilj  onitled ;  bat  ft  hM  no  waj  of  eieape  from  tin  boil«r» 
moepi  bjr  aMending  the  steam  dome  in  which  the  muaXb.  of  the  ateam 
pipe  tt  if  situated.  After  entering  the  ttoaia  pipe,  it  haa  to  timvwie  the 
whole  length  of  the  boiler  before  it  reaches  the  cyUnder.  The  object 
of  this  arranp^ement  is  to  separate  from  the  steam  a  quantity  of  water, 
which,  beiiii;  raisctl  by  the  violence  of  ebullition,  would  otherwijio 
carried  along  to  the  cylinder.  The  same  arraugenieiit  facilitates  Uie 
r^ulation  of  the  steam,  by  bringing  it  into  the  immediate  neighbourhood 
of  die  engine  driver,  who  is  enabled  to  increase  or  diminish  the  supply  which 
is  ftumlBhed  to  the  cylinder,  hy  meana  of  n  windi  V  acting  on  *  yalve 
Ab  the  iteam  pipe  ie  evetTwheve  inclosed  in  sttam,  there  is  no  kee  of  tem- 
perature on  this  account,  exe^  a  very  trifling  amount  due  to  the  time 
wltioh  elapses  between  die  production  ct  the  steam,  and  its  application  to  do 
its  work.  Two  safety  valves  are  placed  in  the  upper  part  of  the  boiler ;  one 
at  O.Ioaded  with  aconstant  weighty  and  out  of  the  xoach  of  the  conductor ; 
tlie  other  at  "S. 

In  the  steam  l  iiest  at  U  i«  the  D  valve,  admitting  steam  to  the  front  or 
back  of  the  cylinders  W,  which  are  horisontal,  and  alternately  sufiering  it 
to  escape  by  the  waete  port  np  the  blast  pipejR,  to  iaarease  tsU  draught  of 
the  ehtmnegr,  as  already  mentioned.  The  oonstruction  of  the  working 
machinery  ia  of  the  most  simple  kind.  An  axle,  beat  so  as  to  form  two 
cranky  at  right  angles  to  each  oUier,  is  attached  to  the  two  driving  wheels. 
These  arc  larger  than  the  other  wheels,  of  which  there  are  usually  two 
]inir,  pr  tvM*'  !  with  fl«n«:e»  or  rims  on  tbe  inside  of  their  circuinferen Pc,  for 
the  inn  jui^r  of  retaining  the  ukk  hine  on  the  r^.  Thus  the  axle  and 
driving  wheekuf  thi:i  engine  arc  analogous  to  the  shaft  and  paddle  wheels 
of  the  marine  engine.  There  is  no  beam,  but  the  pbton  rods  Y  being  con- 
fined by  guide  ban,  which  allow  them  to  play  backwasds  and  forwards 
thfOQgh  the  space  irf  about  18  inchc%  ars  attached  ImmcidiatB^y  at  their 
extremities  tothe  connecting  rods  which  act  on  the  oranlca.  These  being 
at  right  angles  to  each  other,  the  force  is  equalised  as  in  the  marine  i^gine. 
The  valve  machinery  consists,  as  usual,  of  an  eccentric  and  levers,  but  in 
the  locomotive,  each  cylinder  is  provided  with  two  set«?  of  eccentrics,  the 
one  being  Uie  reverse  of  the  other,  that  in,  tending  to  move  the  valve  back 
when  the  other  would  more  it  forwards.  A  lever  is  in  the  direction  of  the 
driver,  by  meana  of  which  one  set  may  be  thrown  out  of  gear,  whilst 
the  etilMr  is  thfown  in.  The  rod  of  (he  eccentric  which  ia  not  In  gear  is 
eesn  f^t/*.  It  tetminatss  in  a  Y»  so  that  whsn  raised  it  will  readily  catch 
the  nro^ling  lereia  (at  fig.  3).  By  tfaie  meana  the  actum  of  the  engine 
can  be  instantaneously  reversed. 

It  will  be  seen  from  this  description  that  the  locomoUve  is  by  far  the 
most  simple  form  of  the  steam  en^ne.  As,  however,  it  is  applied  to  per- 
form work  in  which  great  speed  is  necessary ;  so  much  so  as  to  require  thatj 
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phi  flUBiiiiJi  rnntm  ttgkwwfc  tmd  lbnwJ»  lluwe  orftm  lines  • 
MMBi,aiidtedioi%  IhalfMliarthi  ^lindm  to  ilM  anA  twplMrfx 

or  ei^t  timM  in  the  mum  iaitrril ;  U  la  aviteit  that  ttie  HtnMMt  aocurae^r 
(rf  workmaiMUp  Ir  requisite,  not  merely  to  prevent  aselees  expenditim  of 
ImI,  bat  evco  to  keep  the  woohino  in  action  at  this  apoed  at  oU.^ 


For  farther  information  on  the  Stmm  Sogine,  oonsalt  Parti^itoa's  History  and 
Deacription  of  the  Steam  Eugine,  ItSS.  StowCe  DMariptNe  Hiatory  of  do.  1824. 
Historical  and  DcacriptiTe  Anecdotes  of  Steam  Engines  and  their  Inventors,  2  vols. 
I2mo,  1829.  Farey  on  the  Steam  Engine,  4to,  1827.  Gilbert,  Progressive  Improvc- 
mmts  on  the  BAdenoy  of  Steam  &iginee  in  Cornwall,  Ph.  Tr.  1830.  Cork) lis, 
Jommal  de  1' Boole  Poljteahniqae,  vol.  13.  Brevater's  Journal,  Nos.  17  and  19. 
Birkberk  and  Aldcork  on  the  Steam  Engine.  Renwick  on  do.  New  York,  1830. 
Tredgold  on  do.  a  ucw  edition  by  Woolhouse,  2  vola.  4to,  1838,  with  various  nubtie- 
qaent  appendices.  De  Pamboor  on  the  TIuk^  of  do.  Lardner  on  do.  7  th  edition, 
1840.  Roaael  on  do.  from  Encya  Wl.  Tba  kHt  lipor  tnetim  eontua  «U  tkat 
could  be  dnired  on  this  subject. 

On  U9  AppUemHont,  Jomtihan  Halls'  Description  of  a  New  Machine,  \17>7. 
Bnchnnan  on  Steam  Navigation,  Glasgow,  1816.  Dodd  on  du.  IHlfi.  Wood's 
Practical  Treatise  on  Railways.  Marmtier,  Miaia.  sur  Iibs  Eat^uix  a  Vapeur,  WiA, 
ddand't  Hilt.  Acooimt  of  the  Steam  Engine,  and  its  Application  to  propelling 
V(  sr!s,  !  «^25 .  S^^oitt,  M6b.  lar  b  Navfptiaii  4  Tipeor,  1828.  Breet's  RalKraj 
Practice,  1838. 


LacT.  XXrX. -ADDITIONAL  AUTHORITIES. 

ilir  Pumpt,  Condentert,  cfc. — Boyle  on  the  Spring  and  Weight  of  the  Air,  4to, 
Oxf.  1(63, and  0])era«  jMsstM.  VarigtMm  on  an  Air  Pump,  Hi!>t.  <  t  Mcm.de  Paris, 
X.  285.  Leupolds  Bf^^rbreibttng  der  Luftpumpe,  4to,  Leips.  1710-12.  Noliet,  Hist, 
et  M^m.  1740,  pp.  385,  567;  17il,  p.  338,  H.  145.  Ix)wits  Uber  die  Eigenschaf- 
tm  derLdll,  17o4.    Coulomb  on  Condensing  with  an  Air  Pomp,  Roz.  Journ.  xvfi. 

.    Ingenhooss  Vem^isichu  5>chriften ,  p .  1 9 7 .    H indenbarg  de  Antha  Baaderiana,' 
4to,  ha^,  1787.  lie  Antiia  Nova,  4to,  licmz.  1789.    Goth.  Mag.  v.  II.  81. 
Prinoa's  Air  Famp*  Tnm*  af  flia  American  Academy,  vi.  235.    Van  Bftnun's 
a^pia  Air  FOnp,  GOb.  Joar.  i.  3».  Madnnne*!  Air  Paap,  Niefa.  Joor.  ii.  88. 


LECTURE  XXX. 


ON  Tm  UiSTOftY  OF  HYDBAUUCS  AND  PNEUMATICS. 

VoTWiTB§VAiii»ira  a  ftw  olnerfatfona  and  experiments  mode  Ij 
Aristotle  and  his  predaoeasors,  the  properties  of  fluids  had  scarcely  been 
the  subjaeta  of  much  accurate  investigation  before  the  time  of  Archimede.^. 
The  protprss  which  the  science  of  hydrostatics  in  particular  mR<le  nnder 
thi«  eminent  mathematician,  does  the  higliest  honour  to  liis  g>  nius  and 
penetration.  His  treatise  on  floating  bodies,  althoug-h  the  theortiaa  which 
it  contains  are  not  m  (general  as  they  have  been  rendered  siuoe  the  late 
improTements  in  the  methods  of  calculation,  stiU  affords  as  inrtanoea  of 
Taiy  ingenSona  datanninnCtDna  of  lilia  aqailiMiai  of  foaling  bodiaa  of 
diflbiant  fomiB,  gronndad  an  tha  traa  prinei^  ef  tha  oppoaiiiaB  af  Iho 
general  direetlona  of  ttie  welg^  of  tho  body  and  of  the  pwewwa  off  lha 
fluid;  «a4  in tldainmar  lia  hat  abown  in  what  caaea  tike  eqnilibHiim  of 
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eonical  an^  eonoidal  iolidfl  will  be  stable,  and  in  what  cases  "TitaMff, 

ArrhiniPfies  was  the  inventor  of  the  mode  of  measuring;  the  bulk  of  a  solid 
by  immersing  it  in  a  tiuid  :  to  us,  indee<l,  there  appears  to  have  been  little 
difficulty  in  the  discorery,  hut  the  ancients  tliought  otherwise.  Vitniviua 
obb«rvet)  that  tliia  invention  indicates  a  d^;ree  of  ingenuity  almost  in- 
credible.  Th«  pbilosopher  himself  is  said  to  have  valued  it  so  highly, 
tiiai  when  it  fint  oeonmd  to  hfan,  in  a  public  balh,  ha  hutened  hABe  in 
■a  eesteay  without  reeoUeetlqg  to  dothe  lumMlf,  in  ofte  to  ufffy  H  to 
the  determination  of  the  spedfic  gravity  of  Hicfo'B  crown  and  to  the 
detection  of  the  fraud  of  tho  maker,  who  had  returned  the  crown  equal 
in  weight  to  the  gold  that  was  given  him,  but  had  adulterated  it  with 
silver,  and  imagined  that  on  account  of  the  complicated  form  of  the  work, 
which  rendered  it  ahnost  impossible  to  determine  its  bulk  by  calculation, 
he  must  infallibly  tf>r;i|M  n m  iction.  The  liydroineter,  which  has  some- 
times  been  attributed  tu  iiypatia,  a  learned  Greek  lady  of  Constantinople, 
is  awntionad  by  Fantuu^*  an  aaiiy  writer  on  weights  and  iB«aaoii%  and 
ia  aeeribed  by  him  to  Arefainwdea. 

The  forcing  purap^  or  rather  the  fire  eiigina»  waa  the  invention  of 
Ctenbius  of  Alexandria,  the  greatest  medianic  of  antiquity  after  Archi- 
medes. He  is  also  said  to  have  invented  the  clepqrdra,  for  the  hydraulic 
measurement  of  time,  and  Philot  informs  us  that  he  constructt^d  an  air 
gun,  for  propelling  a  stone,  or  rather  a  ball,  by  means  of  aii  |  rrviou.sly 
condensed  liy  a  syringe.  The  ball  was  not  immediately  expui*ed  to  the 
action  of  the  air,  but  was  impelled  by  the  longer  end  of  a  lever,  while  the 
air  acted  on  the  shorter.  Ctcaibius  is  said  tohaTo  been  the  son  «f  a  barber, 
and  to  have  had  hia  attention  tnmed  to  menhanics  and  pnenmatfais^  by 
being  employed  to  fit  a  shutter,  with  a  eoontsrpoise  sliding  in  a  wooden 
pipe,  for  Ids  &thw's  shop  window.^ 

Hero  was  a  ootsmporary,  and  a  scholar  of  Ctesibius  ;  he  describes,  in 
his  treatise  on  pneumatics,  a  number  <»f  very  ingenious  inventions,  a  few 
of  which  [ive  culculnted  for  utility,  but  the  greater  part  for  ainuscTnent 
only  ;  they  are  |  l  iiu  i|>aiiy  siphons  variously  concealed  and  combined, 
fountains,  and  water  organs,  besides  the  syringe  and  tlie  fire  engine.  The 
description  of  this  engine  agrees  precisely  with  the  construction  which  ia 
at  tills  day  the  most  usual ;  it  oonsisia  of  two  bamls^  discharging  the 
water  altsmatdy  into  an  air  Tsssel ;  and  it  appears  frein  Yitmvfua,  that 
thia  was  the  ori^al  form  in  which  Ctesibius  invented  the  pump.  Hero 
supposes  the  possibility  of  a  vacuum  in  the  intervals  of  the  particles  of 
bodies,  observing  that  without  it  no  body  could  be  compressible ;  but  he 
imagines  that  a  vacuum  cannot  exist  throughout  a  perceptible  space,  and 
thence  dorivos  the  principle  of  suction.  The  air  contained  in  a  given 
cavity  may  be  rarefied,  he  says,  by  sucking  out  a  part  of  it,  and  he 
describee  a  cupping  instrument,  which  approaches  very  nearly  to  the 
naturs  of  an  imperfect  air  pump.  (Plate  XXIV.  Fig.  324.) 

After  the  time  of  Ctesibius  and  Hen,  the  science  of  hydraulics  made 

*  Rhemntas  ftenlui  Mamon  de  Pooderibos  et  Measwis, 

t  Duten'fl  Inquiry  inle  Ihe  Origia  of  the  Disoenrias  sttributsd  ts  the  Hodflms, 

Lond.  1769,  p.  186. 
X  intmrias,  is.  9.  A  figure  of  the  clepcydra  is  given  in  Femmlt's  tmlBlllon. 


Digitized  by  Google 


ON  THE  HISTORY  OF  HYD&AUUCS^  &e. 

lildaftafllier  progrmiurtOtfa^Mvindof  lettflM.  The  Bomaiw  liid  wator 
miUa  Id  Um  ibne  of  Jolfaia  Ctmut,  wUdi  ua  d«setibed  by  Y itravius ;  and 
H  ftppatn  Ibail  thmr  aqvedncto  were  weQ  biu]t>  and  thor  watorpipee  well 
armngid.  Pipes  of  lead  were,  however,  lew  frequent  than  at  preeenl^ 
from  an  apprehension  of  the  poisonous  quality  of  the  metal,  which  was 
not  wholly  without  fo^mHation.*  Some  say  that  the  Rncionts  had  no 
chininies,  but  whatever  may  be  the  authoritiefl^  the  opioiou  is  extremely 
improbable. 

It  was  in  the  middle  ^s  that  navigable  canals  began  to  be  considerably 
multiplied,  first  in  China,  and  afterwards  in  other  parts  of  the  world. 
The  CHialftom  the  Trent  to  the  WHhaiiiy  whSdi  ia  the  oldait  In  England, 
ie  Mild  to  have  been  dug  in  1184.  The  date  of  the  earlleet  windmilk  haa 
ben  lilamd  to  the  year  1880.  The  invention  of  gunpowder  poMOttea 
paiu^  an  equal  daim  with  the  art  of  piinting,  to  the  honour  of  being 
oooiidered  as  constituting  the  moflt  marked  feature  that  distinguishee  the 
character  of  andent  from  that  of  modem  times ;  its  introduction  must 
necessarily  have  tenrled  to  produce  material  alterations,  and  perhaps  im- 
provements, in  the  habits  of  iintion^  and  of  individuals.  It  is  said  to  have 
been  known  long  since  to  the  Cluiitsc,  utkI  our  countryman,  Roger  Bacon, 
waa  evidently  acquainted  witJi  its  proptrtith  ;  hut  it  was  not  actually  em- 
ployed in  £urope  or  in  its  neighbourhood  till  about  the  year  1330 ;  and  the 
eariieil  artUiery  appcsn  to  liave  been  that  whieh  was  need  by  the  Mboia, 
at  the  siege  of  Algesiraa,  in  1334.  Kiqg  Edward  had  four  pieooe  of  cannon 
ait  the  nMBOfaUe  hattk  of  Grseiy,  in  1340. 

About  the  year  1600^  Galileo  made  the  important  diaoofer}'  of  the  efifectO 
of  the  weight  and  pressure  <^  the  atmoephere,t  in  the  operation  of  suction^ 
and  in  various  other  phenomena.  Before  his  time,  it  was  generally  sup- 
posed that  wator  was  raised  by  a  suckinc:  pump,  on  account  of  the  im- 
possibility of  tiie  exi»t«nce  of  a  vacuum  :  if,  however,  a  vat  u urn  had  been 
impossible  in  nature,  the  wat<?r  would  have  foil  i\v€d  the  j>ibton  to  all 
heights,  however  great,  but  Galileo  found  tliat  tlie  height  of  its  ascent  wai» 
fii^M  to  abont  34  CMt»  and  eonelnded  that  the  weight  of  a  colunm  of 
thiahoglit  was  tiie  maaenie  of  the  magratnde  of  the  atmoepherical  piea- 
■■xa,  Hia  pnpil  TorriedU  affcerwarda  eonflxmed  Um  explanation,  by 
diowiag  that  a  column  of  meionry  waa  only  mpported  when  Ite  wei^t 
waa  eqnal  to  that  of  a  oofaunn  of  water  i^m^fag  on  the  same  base ;  hence 
the  vacuum  obtained  by  means  of  mercury  is  often  called  the  Torricellian 
vacuum.  Torricelli  corrected  alno,  in  1C44,  the  mistake  of  Ca-s-telli  respect- 
ing the  quantities  of  water  discliarged  by  equal  orifices,  at  different 
distances  lu  low  the  surface  of  the  water  in  the  reservoir.  CastelH's  ex- 
ptriineutji,  made  about  1640,  were  the  first  of  the  kind,  and  some  of  them 
really  tmded  to  the  iropromnent  of  the  science  of  hydraulics,  but  others 
appeared  to  ebow  that  a  donUe  height  of  the  head  of  water  prodnoed  a 
double  dUiarge^  TorrieeUI'e  more  aeeorate  obsenrattona  proved  that  a 

*  It  h  an  important  drcamstance  in  reference  to  the  nctiun  of  water  on  lend,  that 
it  is  more  injarious  in  proportion  to  the  puritj  of  the  water.  That  which  contains 
lesa  than  ^j^th  of  salts  in  5;n1ution,  cannot  be  safely  conducted  in  lead  pipca  withottt 
certain  precaations.  Cbri^tison,  Trans.  Roy.  Soc.  Edin.  zv.  265. 

t  See  note,  p.  207. 
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qiudi«pfelM%liftwMfeq«iN«l  illoldcrto  prodaoeaMUi  fvkcity ;  mi 
hit  MMrtkms  woe  iteitwdi  finSljr  Mimiid  by  HMnotte  and  tgr 

Guglielmini.* 

A  little  before  the  year  1654,  Otto  ron  Gnerioke,  of  Magdebaxg,  first 
eonstmcte<l  a  machine  similaT  to  the  air  p\iinj>,  by  inserting  the  bnrre!  of  n 
fire  cnsrine  into  fi  cask  of  water,  so  that  w  iien  the  water  ■w.i'^  ili  Mvs  iiout  hv 
the  <i|>t'i ;iti(iii  of  tht;  piston,  the  cavity  of  the  cask  reiiiained  nearly  void 
of  all  nuit^rial  Hubstance.  But  finding  that  the  air  rutihed  iu  between  or 
through  the  flares  of  the  cask,  he  inclosed  ft  malkr  cask  in  a  larger  one, 
and  made  the  Tacnnm  in  the  intarnal  one  m«re  eomj^lete,  while  the  hif^ 
Ttnlag  space  raoalned  filled  with  weler;  yet  still  he  found  Oat  the  water 
wae  forced  into  the  inaer  aek  thioag^  the  pome  ef  ihi  irood*  Hie  thtt 
procureda  sphere  of  copper,  about  two  feet  In  diameter,  and  wasexhausting 
it  in  the  same  waj,  when  the  pressure  of  the  air  crushed  it,  \nth  a  loud 
noiso.  Tliis  machine  was  ninrp  properly  a  water  pimip  than  nrt  air  pump^ 
but  the  inventor  »oun  after  improved  his  apparatus,  aii  l  mnAr  mU  the  expe* 
riments  which  are  to  this  day  the  moat  usually  exhibited  with  the  air 
pump,  such  as  the  apparent  cohesion  of  two  exhaujited  heinispheree,  the 
playing  of  a  jet  by  maene  of  the  espaneioB  of  a  qaaat^yof  atohieieeedti 
«  jar,  the  detemiiiiatHm  of  the  aii^a  ird^  iod  olbeii  of  s  rfaottw 
natam.  He  ako  eibeerred  that  fer  nsty  aeenzale  oKpariiaeBii^  the  vail* 
of  the  pump  might  be  Mlaed  at  each  stroke  by  external  fowB ;  and  be 
particularly  noticed  the  perpetual  production  of  air  from  the  water  thai 
ho  ircnerally  einployofl,  wliich  ^^anned  an  imperfection  in  the  vaeinim.  An 
account  of  his  experiments  was  fii-t  ])iihlishe(1  \n  diiterent  w  orks,  by 
Caspar Schutt^t  and  afterwards  hy  iiiuiself,  in  ki^huuk  entitled  lueperimenta 
nova  Magdeburgica,  printed  in  1672  at  Amsterdam. 

In  the  year  1<IM^  Hooka  finubed an  airpump  for  Boyle,  hi  whoaalahiH 
nkaaej  he  waa  an  aesiehini!  it  waa  move  confentaii  than  Queriekire^  hot 
theTaoaumwaaneieoporfeet;  yet  BeyVe  nameniat  and  jodkioaeasp^ 
rimente  gave  to  the  eshaneted  receiver  of  the  air  pomp  the  name  of  the 
Boylean  vacuum,  by  which  it  was  long  known  in  the  greatest  part  of 
Enr»»pf.  Hooke's  air  pump  had  two  barrels,  and  <«Amf>  i?n]>rovements 
by  lisiuk8hf><\;^  it  remained  in  common  use  until  tlie  iut rud urt  ion  of  Smea- 
ton's  pum]  ,  whuh,  however,  has  not  whoU}'  superseded  it.  The  theory  of 
paeumatics  was  alao  considerably  indebted  to  Hooke's  important  experi* 
nientaon  the  elaelidty  of  the  aix^  whieh  wm  afterwaida  aonfinaad  and  «B- 
tended  hy  Uafiotke  and  Amenton^  in  Franoi^  hy  Helee  in  this  aotnataiy, 
and  hy  Riohmann  at  Feietebnig. 

About  the  same  time  the  first  steam  c  n  icino  wae  constructed  by  the  cele- 
brated Marquis  of  Worcester.  Hints  of  the  possibility  of  such  a  machine 
had  been  given  a  hundred  years  before,  by  Mfttthe8ia8,§  in  a  cnllection  of 
sermons  entitled  Sai«pta,and  at  a  sobesqaent  period  by  Brimau;l|  but  the 

*  Sec  nuthorities  in  Lect.  XXIV. 

t  UaiveraaliA,  4  toU.  4to,  .Wortsb.  1657.    Mechanica  Hydraulioo-poiu. 

mstioa,  4to,  1657.   TMmica  CnrioSB,  4to,  Norimbergs,  1664. 

X  Hniik-hcf",  Physico-Mfchanical  Experiments,  4tO,  LoihL  1709,  p* !• 

i  Kepler  in  Bergmaoniscbe's  Journal,  liUl,  ii.  263. 

H  Hints  lowaids  a  Steam  Bngine,  in  1627,  Nich,  Joar«  viL  311. 
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MsrqiiM  of  Worcester  profeiMi  to  hm  carried  the  project  loto  fell  ifleely 
ai  we  are  inliMiMd  >7  Us  adoooal  ef  iHut  be  tailed  s  to  water  wwk^ 
wUeh  is  one  of  Ue  Centory  of  Inreirtioiu,  M  paUiebed  is  im^*  sad 
wUdilatfaaadMiM:  ^^IlMnretakMiaplBMiif  awhobeaBMOiiHiaiMf 
llM«Bd  wialRirBt,  and  filled  it  three  qoattem  Ml  of  water,  0lO|l»i^9  aad 
MNwing  up  the  broken  end,  as  also  the  tonch  hole ;  andnaldng  a  aoaetani 
fire  under  it,  within  24  hours  it  burst,  and  made  a  great  crack  :  m  that 
liaving^  a  way  to  mnke  iny  ven^iels  thnt  they  ure  "trcngthentNl  hy  the 
fon^  within  tliem,  and  tin  mie  to  lUl  after  tlio  otht  i,  ihave  seen  tlio  w[it«r 
run  like  a  constant  fouitUiin  8trt*aiii  forty  ft»i>t  liiLii.  One  vessel  of  water, 
rarefi«d  hy  fire,  drivetli  up  forty  of  cold  water  :  ami  a  man  that  tends  the 
mrrk  h  bat  to  torn  two  eocks,  that  ono  veeeel  of  water  being  consumed, 
MCbar  biglaala  Imm  aad  Mill  with  cold  water,  and  aa  aoteMtvely,  tha 
fire  being  tended  and  kept  oapalaBty  whteh  the  ealf  aama  pemm  nagr  lik»- 
win  abaadaatij  peffonn  in  the  interim  between  the  neeearity  of  taming 
the  aaM  eocks."  The  machine  wae^  however,  not  at  that  that  piiaa* 
Ueally  introduced,  and  it  was  soon  forgotten;  8aYery*a  engines  were 
con»tructe<l  in  a  manner  precisely  similar,  some  time  before  1700;  and 
it  iH  Tinr<  rtiiin  wiipther  hp  adopteil  the  Manfuis  of  Worcester's  ifleaw, 
or  riiiivpnted  a  similar  uiarhine.  Ahout  1710,  the  j)?»t<>n  cyliinler 
were  invented  by  Newoomen,  and  with  lieighton's  apparatus  fur  tuniing 
the  cocks  by  its  omtq  motion,  the  engine  remained  nearly  stationary  for 
aanyywnk 

As  eariy  aa  the  year  10t7,  the  pfmnua  of  flnUt  in  motion,  and  the  fa» 
■tetanee  oppoeed  by  flaida  at  feat  to  the  motion  of  aoUd  bodle%  were  anpa- 
rimateBy  awiwiaiid  by  Hmygana^  tad  aene  athar  mwabaiaoltfaaPariiiMi 
Aeademy.  Pardfes,  whoaa  wofha  weaa  paMahed  in  1673,  attempted  to 
determine,  although  upon  some  inaccurate  suppositions,  the  efiidcts  of  the 
wind  on  a  8hiy»'«  under  different  circumstances.  His  principles  were 
ndnpted  hy  H(  Tmud,  who  puhiislicd  a  work  on  the  stihject  in  ir>OD.t  Their 
injperfections  were,  however,  8oou  iiftor  pointed  out  hy  Huy gens,  and  by 
James  Bernoulli;  and,  in  171^^  Joim  Bernoulli  publiaheil  au  e^ctensive 
treatise  on  the  mameuTree  of  ahips^  which  at  k/et  compelled  lUuaud  to 
oabmit  to  to  many  nnltad  mthoiMaa. 

It  maiBt  ba  mhmod  tiwt  tha  lahoM  of  H twtan  added  Umm  improve- 
BMOto  to  tha  ddatrfnaa  of  hydiaaliea  and  pMamattet  tima  to  many  other 
dapmtmente  of  science ;  yetaaaiapiaiaeiaandfniablydaabolhtohisOBin* 
putatfons  and  to  lile  exf^mcnto  relating  to  these  subjects.  No  person 
before  Newton  had  theoretically  inreetigated  the  v^>city  with  whicli  fluids 
are  discharged,  and  although  his  first  attempt  was  unsuccessful,  and  the 
method  whidi  ho  substituted  for  it  in  his  sec-ond  edition  is  bynomtany  free 
from  objections,  yet  either  of  the  detenninationa  may  be  considered  in  8ome 
vtitnea  m  a  convenient  approximation  ;  and  the  observation  of  the  contraction 
of  a  stream  passing  through  a  simple  orifice  which  was  then  new,  servM  to 
raateteBa  tham  In  agmamaaaara  with  aneh,athar,  HiaihodmafaMuidfflaf 
thavMiiiteMaaf  taldaartfiv  fkom  b«ln|g  p«liRllyJnit,  yetthay  havaled 
to  raanhs  whiofa,  with  proper  eonaetunia^  ara  taterably  aocarate ;  aad  hta(- 

*  Iafmilloa,68.  f  lian«ama  dm  TAaeaaa. 
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determination  of  the  osdilations  of  fluids  in  b«iift  ta]»e%  m  gttod  hmgfm' 
ning  of  the  inTesttgation  of  their  alternate  motions  in  general. 

The  a<'OMrat«  experiments  of  Pol«u  were  published  in  1718.  He  has  the 
merit  of  Imvinv,'  first  distinctly  observed  tbat  the  quantity  of  watf^r  di^ 
charj^ed  \*y  a  short  pipe  is  greattr  than  liy  h  simple  orifice  of  liir  BAme 
diameter ;  although  there  ia  some  reason  to  suppose  that  JNewton  was  before 
aequdnted  with  the  curcamsUmce. 

In  ]727f  Mr.  Bougner  iMBlf«d  ft  priie  bom  the  Acadamyof  Fiiii  forlw 
Mwy  on  the  niMla  of  ahipi^  wbidi  nid  to  he  ingenkmi^  hot  bj  no  nMaao 
practically  nsefoL  He  was,  probably,  tempted  by  thie  motnagmaftmA  to 
eootinne  his  application  to  similar  etndiei ;  end,  ebont  twenty  ymn  lAer- 
mtds,  he  pubUihed  hie  TelneUe  eaej  on  the  con^tmction  and  manceunw 
of  ships,  trhich  appears  to  have  superseded  all  that  had  been  done  belSaev 
respiting  the  subjects  of  his  investitrutinn. 

The  first  researches  of  Daniel  Bi  rnouUi  conceruiiig  the  properties  and 
motions  uf  fluids,  bear  also  the  date  of  1727.    This  justly  celebrated  man 
was  as  happy  in  his  application  of  mathematics  to  natural  phUosoph\  ,  a^  he 
ifaeieedyandekilftiUnhteeelcntotionfc  The  greatest  part  of  his  hydranliB 
theeienie  are  fwinded  on  the  principle  fcret  eenmwd  by  Hnygems  nnd  celled 
by  leibniti  the  lew  of  Ihing  or  aaoending  feree^  which  je  eonlMwd^y  onlly 
fame  where  there  le  no  loee  of  Telodty,  firom  the  imperfecdon  of  the  daelieity 
ef  the  bodies  concerned  ;  lior  it  is  only  with  ibis  limitation  that  the  motiona 
of  any  system  of  bodies  are  always  necessarily  such  as  to  be  capable  <^ 
carrying  the  common  centre  of  gravity  to  the  heij^ht  from  which  it  has  de- 
scended "^vhilf  the  bodies  hnve  been  acquiriiig  tiitir  motions,    'i'liis  law  of 
ascendiDK  force  is  of  considerable  utility  in  facilitating  the  soiutiuu  of  a  great 
variety  of  problems.   It  is  certain  that  mechanical  power  is  always  to  be 
estimated  by  the  product  of  the  mass  of  a  body  into  the  hei^  to  which  it 
ie  capable  of  eeoending;  and  wfaeteverobjeetioiie  nay  hafe  been  made  to  the 
employment  of  this  prodnoteathemeeeoveof  fliefoiceof  abodyinmolieny 
which  ie  indeed  an  expwirfon  ineoneietent  with  a  ooneei  defudtien  cf  the 
term  foree^  yet  it  BiiiBt  be  conleBeed»on  the  Other  hand,  that eoniecf  the  beit 
English  mathematicians  have  fallen  into  material  errors  for  want  of  paying 
sufficient  attention  to  the  general  principle.   Bernoulli  estimates  Tery  justly 
in  this  manner  the  mechanical  power  of  a  variety  of  natural  and  artifrial 
agents,  and  among  the  rest  he  exaTnines  that  of  pniipowder  ;  luit,  from  au 
accidental  combination  of  errors,  lit'  8t«te«^  the  f  u  ce  of  u  pound  of  gun- 
powder as  equivalent  to  the  daily  labour  of  im  men,  while,  in  fact,  the 
eflect  which  is  actually  obtained  from  two  tons  of  powder  is  no  greater  than 
thaA  which  ie  here  attribnted  to  a  pound.  His  cekulations  of  the  mctieae 
of  floidi^lneoaie  veiy  iatiieate  ceese*  are  very  ingenione  and  eatiefaetMy» 
and  thy  are  in  general  sniBciBntly  winflnned  by  well  imagined  e«peiiineBii> 
He  examines  the  force  of  the  wind  acting  on  the  eeile  ef  a  windmill,  botiy 
another  mistake  in  eelcnlation,  which  Maclaurin  has  detected,*  of  two 
angles  which  answer  the  conditions  of  the  determination,  he  has  taken  the 
wrong  one,  and  assigned  that  position  of  the  sail  ee  the  moeteffwtiial»  which 
produces  absolutely  no  efiect  at  all. 

«  fhttkms,  2  fols.  4to,  Edin*  1742,  art.  914. 
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11  nay  1m  €I4mM  to  B«nMNdK'0  mOoo]^^ 
rtincmi  wUdh  tn  mttmvSfy  nigiactod  m  tkm,  peodaoe  a  Tery  material 
tAei  in  th*  jesults  of  ail  asperimeniii ;  but  it  mMi  be  alloirtd  tinl  lh« 

eorrections  required  od  account  of  this  unavoidable  omission,  may  easily 
he  deduced  from  simple  experiment",  and  then  applied  to  thn  rnnst  compli- 
cate*! rases.  It  is,  however,  a  more  inatti  ia!  ohjfH-tifin,  thnt  tiie  iuiniaiiierital 
law  of  the  preservation  of  ascendiiig  furce  ciiii  uuly  lit  adopted  with  eertum 
l^ywlt-ft^nna  •  tUus,  when  a  small  tttream  passes  through  a  large  Teaanroir,  Ber- 
■oldUis  cUigtd  to  suppose  tiM  wluk  «l  ite  Ibm  oon^^ 

which  it  m««ta.   Th^  immiijai^  wwmI^^  tn  wKiflli  di*  Mn>l*ff>iiiyy  fafwua  mnifc 

be  ioppoead  to  aet^  inaukint  tbo  wholly  imdtlnniBed ;  and  k  waa  pfinei* 
pally  for  this  reason,  that  John  Bernoulli  attempted  to  sobotHnt^  for  hla 
■on*8  calculations,  a  metliod  of  deducing  the  motions  of  fluids  more  irame- 

diately  from  the  ^vitation  of  their  different  parts.  The  p^^ruliarity  of 
John  Bemonlli's  mfuie  of  investigation  consists  in  his  inmuiuinj?  the  weight 
of  each  in<iivi(luiil  ]>arti(.le  to  be  tmn^erred  to  the  surface  of  the  fluid, 
causing  there  a  pressure  in  the  diretiiuu  uf  gravity ;  and  he  examines 
the  manner  in  whieh  thia  fovea  mast  open^  in  order  to  pndnoe  eraiy 
aeederation  wUdi  b  laqoliad  for  the  notion  of  flnlda  In  vaMla  of  all 
ioMgniaUe  fonusu 

Maclaurin,  in  his  treatise  of  fluxions,  ittwaHgated  aeveral  of  the  piopor- 
tioa  of  flnida  in  his  usual  concise  and  elegant  manner.  His  remarks  on  the 

positions  of  the  sails  of  windmills  and  of  ships  are  peculiarly  interesting  : 
he  added  much  to  what  had  heri\  done  respecting  the  effects  of  tlie  wind, 
and  showed  the  possi))ility  of  Hrr  mging  the  sails  of  a  ship  in  such  a  manner 
as  to  make  her  advance  with  a  greater  velocity  than  that  of  the  wind  itself. 
At  that  time,  bowevw,  the  sdence  of  hydraulics  had  been  too  little  assisted 
l!>y  ezpodmenta  to  be  oafahle  of  tMatdbig  datanninatioQaof  all  gusatians 
whioh  are  of  rtry  fraqnont  oeeumnee  In  pmotiee.  An  application  waa 
made  to  Maclaurin,  and  at  the  aame  time  to  DemgnHtra,*  a  man  of  ooik> 
aiderable  eminence  in  the  mechanical  sciences,  laipecting  the  quantity  of 
water  that  might  be  brought,  by  a  train  of  pipes  of  certain  dimensions,  to 
the  city  of  F/'lin]>urgh.  The  project  was  execute<l  with  a  confidenec  founded 
on  tlieir  upiniuns,  but  the  quwitity  actually  olttniiu  d  was  only  about  one 
sixth  uf  Desaguliers's  calculation,  and  one  eleventh  of  Maclaurin's.  At  a 
still  later  period,  the  French  Academicians  were  consulted  respecting  a 
great  nwdertafcfag  of  a  dmilar  nature ;  and  their  roport  waa  aoofa  aa  to 
diaaoade  the  pn^eeloia  turn  naUag  tfce  attempt,  which  waa  eonse<iaentIy 
atthaiMlntofboinff  abandoned.  tUtaodahnftedDraetieal  *MhitMi«t  iiiillti^>fl. 
from  a  rough  estimation,  deduced  from  his  general  experience,  that  more 
than  double  the  quantity  assigned  by  the  Academicians  mi^t  be  obtained ; 
and  the  event  justified  hi?  aMwrtion. 

The  experiments  ;intl  calculations  nf  Rnbin'',  respecting  the  resistance  of 
the  air  and  the  operation  of  gunpuwUtr,  deserve  to  be  mentioned  with 
commendation  on  account  of  their  practical  utility ;  hut  he  appears  to  have 
booilHa  anaeearfiil  in  hie  theoretical  invesUgationa  than  Daniel  BemoolK 
bad  boon  a  ftw  yeaia  bolnab 

•  BMob's  Miob.  FUL  See  I)eii«allni's  Gowm  of  Stp.  Ph.  vol.  tt.  p.  IM. 
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Dalembert  attempted,  in  his  tmtifle  on  the  motio&i  of  fluids,  which  vrm 
publislied  in  1744,  to  substitute  for  thp  STippo««ition3  of  John  B^mouUi,  a 
more  general  law,  rt'latinj;  to  all  chaiiLres  })r(»ihtcpd  in  tlu'  motiom  t>f  -i 
system  of  bodies  by  their  irmtnal  actions  on  each  otlier  ;  but  his  calcul.tt  i  >  -  us 
are  more  intricate  and  lebu  eit^ily  understood,  than  soma  others  wliicli  a.r« 
ca|>able  of  aii  application  equally  extensive.  The  late  Profeesor  KAestner 
of  CkittingHi  hM  d«f ended  Bcnrndli  agaliMt  Dftlamhert^a  olijMtieiu  wMh 
■COM  raoMMjy  and  hjtf  in  nuny  iiMtmrn  £Mflittttod  extended  l^m^ 
■oiiUi'e  iSkmaji  hul  time  it  oAn  »  iiagiiiar  nlstai*  ef  ani 
prolixity  in  this  author's  iDorin.*  B7  tfaa  ride  of  HI  iflbkato  Mndt 
fluxional  calculation,  he  inaerts  a  long  string  of  logarithms  for  perfomm^ 
a  umple  multiplication ;  and  in  a  work  which  comprehends  Uie  'vi^Mila 
rarwr^  of  the  iTiRtbi^matical  sciences,  he  does  notVBBtim  to  detemiillA  the 
square  nnn  of  In  w  itlimit  quntincr  an  authority. 

About  the  bame  time,  the  i  rotound  Leonard  Euler  applied  himself,  with 
some  success,  U)  the  examination  of  the  motions  of  fluids,  particularly  as 
they  are  connected  with  the  tiubjecte  of  eeamanahip  and  naval  architecture  ; 
but  tho  iuvestigatioiii  of  Bder  aft  in  gtntnl  moft  MmtfkaUe  flour  nudh^- 
naftltti  addftw  Ifaaii  for  philotopiiioal  MtuMgr  tod  pntttotl  applicttioii ; 
tlthoui^  hit  caloolatioii  of  the  ntittonct  of  tlio  air  to  tlu  motioot  of  pio- 
jotiiltt  naj  1m  mufkytd  wiili  ooaaidtniMt  adTanttgt  by  tht  gmmer. 

The  beginning  of  the  modem  exptrlnanld  In^romMiitt  in  bydraulics 
nay  perhaps  be  dated  from  the  investigation*  of  Smeaton  respecting  the 
effects  of  mud  and  water,  wliirh  were  ptiblisbed  in  the  Pliilosophical 
Transactions  for  1769.  oftsn vations  are  of  material  importance 

as  f ar  aa  they  are  capable  of  immt-<li!itr  npplication  to  practice,  but  he  Itas 
done  little  to  illustrate  their  connexion  with  the  general  principles  of  me- 
ehauica.  It  waa  Mr.  Borda  that  &rst  derived  from  a  just  theory,  about  10 
jrtan  after,  tho  ttme  nenlti^  respecting  tht  tIMt  of  midtnliol  wtltr 
ithetli^  at  Smtaton  had  obtained  from  hltexporinienta.  Beftm  tUt  time^ 
the  berteeiay  on  the  aobjeot  of  water  whttlt  was  tfuAof  EMaa,  paMiriied 
in  17dS ;  hit  oaloolationt  aia  aamiftlt  and  eotetlvo ;  but  they  are  founded, 
ia gnat  nMasure,  on  the  imperfcot  lapp  i^Uions  leepeodag  tbt  Impnltt  of  • 
tlnam  of  wat^,  which  were  then  generally  adopted. 

Our  countryman  Mr.  Watt  o!>tAined,  in  1700,  a  patent  for  his  improve- 
ments of  thr  pteani  eneine,  whlcli  includes  almn'^t  every  e^^erttial  L-luin:re 
that  has  been  made  smce  tlie  time  i  f  ji-  ighton.  On  a  subject  su  important, 
it  cannot  be  superfluous  to  inhti  t  the  words  of  tlie  inventor,  whose  admirable 
application  of  the  scicucee  to  practical  purposes,  most  justly  entitle  him  Ut 
a  rank  among  philosophical  mtdianittj  not  InfMor  to  that  of  datlUat  and 
])r.Hooke. 

"My  method  of  lotttning  the  consumption  of  tteam,  and  oonttqnently 
ftMl»  in  Art  tngmee,"  etTi  Mr.  Walt^  in  bit  qpeelfleathti  of  Ut  patent 
**oontittt  of  tht  ft^owing  principles.  First,  that  ▼essel  in  which  the 
powers  of  steam  an  to  be  ^ployed  to  work  the  engine,  which  ta  t^Hid 
the  cylinder  in  common  fire  engines,  and  which  T  call  the  steam  vesste!, 
must,  during  the  whole  time  the  engine  is  at  work,  be  kept  as  hot  as  the 

*  Dissertatkast  Math,  at  Fbya.  4tii»  Altenb.  im. 
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miWrillln  that  traosmit  heat  slowly ;  seocmdly,  by  surrouB^qg  it  willi 
gtiiim  «r  «tiMr  Imtod  bodies ;  and  thirdly,  by  aufftBiing  neither  water,  nor 
any  other  sub^nce  colder  than  the  stt'aiii,  to  enter  or  touch  it  during  tliat 
time.  Secondly,  in  rnpineH  that  are  to  be  worked  wholly  or  partially  by 
condensation  of  steatu,  th*  steam  m  to  be  condenwd  in  vewela  diiitiuct  f rom 
the  steam  vessels,  or  cyiiaders,  althoug^h  occasiuuiiiiy  cuiumunicating  with 
them ;  these  vesseb  1  call  condensers  ;  and,  whilst  the  engine  are  workings, 
iheM  ^onAmmn  ought  al  ImmI  to  be  m  ooid  «h«  air  la  tbe  iMq^ 
bonAaod  «f  th*  mtffimtn,  by  applkotlMi  «f  watar,  «c  «tlur  cold  MUih 
Wnifyp  wiu>tom  aif  or  otficg  «iMtio  vapour  U  act  oondomwd  by  tht  ooId 

^rfthewoJaaiwr,  i«d»ayiiapedotii»woriawgof  ti»fagtiM^i»tol^ 

cat  of  At  iltilB  f<im1i>  or  condensers,  by  means  of  pumpi^  wnoght  by  Ihi 

engines  themseWee,  or  otherwiia.  Fourthly,  I  intend,  in  wny  oaaea,  lo 
employ  the  expansive  force  of  steam  to  presH  on  the  pistons,  or  whatever 
may  be  used  instead  of  them,  in  the  same  manner  as  the  prcs'^iire  of  the 
atmosphere  is  now  employed  in  common  tire  fiij^ines  :  in  cast  where  culd 
water  caimot  be  had  in  plenty,  the  enj^ines  may  bt?  wion^rht  1  y  this  force 
of  steam  only,  by  dischai^inju^  the  steam  into  the  open  air  alter  it  lias  done 
it*  oficsb  Fifthly,  whflM  motions  raud  an  axis  are  required,  I  make  tbe 
•Mm  rmtU  In  tan  of  kolbir  riags  or  oirotlw  ehonntl^  with  fmjfn 
ioleis  mi  ouOota  for  the  itoai^  moantod  on  horuoatal  axles,  ]ik»  tho 
whMla  of  n witirnJU;  witUn tfam mo  flamd  A  nnaibor of  ^rm, thift 
saficr  any  body  to  go  round  the  channel  in  one  duoetion  only ;  in  ihstt 
■team  vessels  are  placed  weights,  so  fitted  to  thorn  as  entirely  to  fill  up  a 
pnrt  or  portion  of  their  channels,  yet  capable  of  moving  freely  in  them  by 
the  means  herpin  .ifttr  menti^ncti  or  «pwifio(^.  When  the  steam  is  .'uimitted 
in  tlK  se  eiiLriiies  between  the  wt  iirlits  ami  the  valves,  it  acts  equully  on  Koth, 
nt)  as  to  raise  tlie  weight  U)  one  side  of  the  wheel,  and,  by  the  reaction  of 
the  valves^  succeanvely,  to  give  a  circular  motion  to  the  wheel,  the  valvea 
opening  in  tk*  dUootloa  In  wkiflk  tho  w«igkta  are  pruatd,  bat  not  Inllio 
ooiitmy ;  a*  tke  Htwm  Ttasl  movM  nmndy  it  lo  tappliod  witk  ttaaak  from 
Hw  boilor.  #ft4  tiuit  wkkbhaa  narfbnnod  ito  offioo  mar  ottkir  bodiackaKod 
by  ncaaa  of  oondi^Mi^  or  into  tko  open  air.  Sixthly,  I  Intettd,  in  amo 
cases,  to  apply  a  daSrto  of  cold,  not  capable  of  reducing  the  steam  to  water^ 
but  of  oontraoting  it  considerably,  ao  that  the  engines  may  be  worlced  by 
the  alterpRt^  expnnHion  and  contraction  of  tlie  steaDi.  Lastly,  instend  of 
usintr  %\iitor  to  render  the  piston  or  other  parts  of  the  engines  air  and  steam 
tiglit,  1  t-iupluy  oik,  w.ix,  i  t  -^mous  bodies,  fat  of  animals^  quicksiivery  and 
other  metuls,  in  their  tiuid  ijtate." 

It  is  probable  that  tha  rotatory  engines  desoribed  by  Mr.  Wa%  althongfc 
they  appear  to  prodnoa  aome  advent^  in  tkaocy»  wQl  nam  be  gtnaiaUy 
inlrodnaedt  on  aaaonnt  of  tka  diliicalty  of  oonatraatii^  ateam  Tenela  ao 
laig%  and  of  ao  oompUaated  albnn,  aa  wonld  be  naoeMiiy,  In  ovdar  to  giva 
full  eAot  to  the  machine*  The  term  of  thia  patent  was  prohmged  hy  net 
9£  parliament  until  the  year  17^  ;  but  although  the  ]r  al  privilege  of  tho 
original  manufacturers  is  expirevl,  yet  the  supetionty  of  thair  workmanabip 
•till  givea  (heir  euginee  a  deddod  prefeiaiMse. 
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Hach  of  the  labour  of  the  later  writers  on  hydranlica  has  been  em- 
ployed on  the  determination  of  the  resistance  of  fluids  to  bodies  of  different 
forms  which  move  throniyh  them  ;  a  ?it;V>jrrt  ^vhi(•h  derive;^  crfrit  iinr' -rt.mce 
from  its  iiiiiiir.nate  application  to  rii--  m  iim  uvres  of  tstiips*.  J  he  mo^ 
exten^iive  exj>erimeDts  on  these  subjects  wore  made  by  Bossat  aud  tome 
other  members  of  the  Academy  of  Sciences.  About  the  mm  time  Ikm 
GMffga  ^«an,  a  gentienm  wbo  had  ^ajoyed  bait  poMlhit  qppwMmity 
for  Mtaal  observation  wod  jHaetiMl  itiid j  ia  scr^n^  witfi  Ulkia,  pvbliriied 
sk  Madrid  his  EEameD  MmUiibo*  wUch  appMit  to  he  the  most  ingesioae 
tad  Ireful  treatise  on  the  theon.-  and  practice  of  seeiaaMblp  that  has  jei 
appeared.  Bnt  nnfortanately  his  deductions,  however  refined  and  diversi- 
fied, are  principally  founded  on  a  misfak*  !!  theory  respecting  the  effects  of 
hydraulic  pressure  ;  since  he  tacitly  ass-ume^,  in  his  fundamental  pro- 
pottition  ou  the  subject,  that  a  double  force,  acting  in  a  g:iveQ  mmli  space, 
will  produce  a  doobk  velocity ;  while  it  is  well  known  that  in  andi  dr- 
cnmetanoee  n  qvadmple  font  would  be  leqnired*  Henre  he  dcrim  eiMe 
eoaehukms  wfaidi  indieete  that  the  lerielenee  mwi  rtarj 
at  difibnntdcptfiBbdow  the  eorbeeef  the  water,  end  dkigee  in 
of  the  aueertien  a  few  imperfect  cEpeihuente  of  Meriette  and  of  hie 
in  which  some  accidental  circnaiibuicesnot  noticed  may  easily  have  caused 
great  irrejnilarities.  Mr.  Prony,  in  his  Architecture  Hydrauiique,  appear* 
to  have  follower!  Juan  :  and  Professor  RoV>ison  very  justly  obserr^  in 
speaking  of  thb  work,  ikat  if  the  prwwtnre  of  the  water  alters  the  magni- 
tttde  of  the  resistance  at  different  depilis,  that  of  the  atiuospbere  ought  by 
to  be  emitted  in  the  celcnlitioa.  Bnt  if  n  more  ooeveet  meili^ 
end  meehenif  wonld  take  the  peine  to  model  JntnTe  book  anew, 
to  oemet  hie  enont  and  to  adapt  hie  modee  of  eefcniation  to  the  kwe  ef 
VMieleaee  peeviendy  deduced  from  accurate  experiments  rather  than  from 
theory,  there  is  no  doubt  but  that  the  work  thus  mod  if  might  essentially 
improve  the  science  of  seamanship.  Tfc  allecps  indt^d  that  the  resmltsof  hie 
calculations  are  in  almost  erery  instance  rigidly  couf<irmaMe  to  observa* 
tion  and  experience,  but  it  is  prohalde  that  where  such  a  coincidence  renlly 
it  must  be  owing  to  some  combiiialioo  of  errors  compensating  each 
and  it  ie  indeed  very  possible  t^  Mi  cnlenletieni,  with  eU  tkeir 
may  appioech  nearer  to  the  teiA  thna  the  hnptrfeet  appiri  i  laeHei 
wUck  had  been  beliDraempleyed.  Joan  bee  genecaUy  laade  me  ef  tlM 
Kngfieb  weigfate  and  mea^iures,  on  account  of  their  convenience  in  oceipn* 
tations  respecting  the  descent  of  falling  bodies  and  the  impulse  of  water. 

The  works  of  Chapman  and  of  Romnie,  up^-^n  various  departments  of 
seamanskip,  pasuteits  al-"'  r«»nsiderable  merit.  These  authors  appear  to 
have  avoided  the  errors  of  J  uan,  but  without  entering  so  minutely  into  the 
detail  of  nautical  operaUons  as  he  has  done. 

The  aeenrete  ipef  imento  of  Dr.  Hntton  and  of  Count  Bnaifurd  on  the 
foneef  find  gnnpowdcr  and  tenelanee  «f  the  air>  deeerve  to  be 
tioned  as  aflMIng  rahnhle  materiale  to  the  epeenktlve  ini 
nerfnl  information  to  the  practical  gunner.  Robins  had  very  erroneooaly 
<:tippo<«rd  that  the  whole  of  the  efliMts  of  gunpowder  might  be  derisod 
£rom  the  expansive  force  of  flnide  pennanently  elastic ;  hot  VandeUi  eooa 
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after  mftintained  a  contiaiy  opinion  in  the  commenUiiee  of  Bologna,*  and 
Connt  Rnmford  has  very  aatiafaotorily  shown  the  inanfficieney  of  the 
agenla  ocpuidered  bjr  Robina,  aHhimgh  he  has  been  unsacceeefiil  in  at- 
tempting to  dedvot  the  wlula  fime  ftom  the  elaatleilj-  of  aqnoona  Tiponr 

alone. 

Tlie  theory  of  practical  hydranHcs,  as  affected  In*  friction,  may  he  con- 
sidrrcfl  as  barinsj^  been  bejfun  and  completed  by  the  highly  meritorious 
labours  uf  the  Chevalier  dii  Ruat.  lie  had  some  assistance  in  expres«in;f 
the  results  of  his  experimtutti  by  means  of  general  rules  or  formula?,  and 
these,  although  Uiey  agree  sufficiently  well  with  Uie  experiments,  have  not 
alwaya  been  rednoed  to  the  aimpleet  and  moafc  oonTentent  fonns ;  nor  havo 
they  been  much  improvad  either  'by  Langsdoif  or  Eytelwcin  in  Geimany, 
or  by  Robiaon  in  tbia  eonntiy,  who  liave  gona  over  nearly  the  eama  gronnd 
with  each  other,  and  liave  shown  the  way  in  wliich  the  resulta  of  Buat*a 
iiLTasligations  may  be  applied  to  a  Tuiety  of  eases,  which  occur  in  hydian- 
Uc  architecture. 

One  of  the  latest  inventions  which  require  to  be  mentioned  in  speaK-inqf 
of  the  hiatoiy  of  pneumatics,  is  that  of  the  aerostatic  e-lobe  or  air  balloon. 
Hie  suggestions  of  Lohmeier,t  of  Albertus,  and  of  W  tlkins,^  reppectinj^ 
the  various  modes  of  passing  through  the  air,  had  long  remained  disre- 
garded as  idle  speculations ;  and  Boenier,  who,  in  the  17ih  century, 
descended  obliquely  over  some  houses,  by  means  of  wings^  waa  wholly 
vnaUe  to  employ;  them  In  aaeending.f  Dr.  Black  had  exhibited  fak  hia 
laetniaa  a  bladder  filled  with  hydicgen  gas^  and  floating  in  the  air  by 
means  of  its  smaller  specific  gravi^,  many  years  before  Montgolfier  con- 
ceived the  idea  of  applying  a  similar  machine  to  the  elevation  of  human 
beings  into  the  aerial  regions.  It  was  in  1783  that  this  project  was  first 
executed,  and  persons  of  a  warm  imacination  were  disponed  to  believe  that 
the  discovery  would  be  of  great  importjince  to  the  convenience  of  maakind.H 
But  if  we  coolly  consider  the  magnitude  of  the  force  with  which  the  wind 
unavoidably  impela  a  surface  so  large  as  that  of  a  balloon,  we  shall  be  cou> 
vinced  of  the  absolute  impossibility  of  counteracting  it,  in  such  a  nuuiner, 
aa  to  difsei  the  balloon  in  any  couise^  materially  dUlbrant  f^om  that  of  the 
wind  which  happena  to  blow.  With  this  limitation,  the  inTontioa  may 
still  In  some  cases  be  capable  of  utility,  wliereTer  we  ate  only  deslroiia 
of  ascending  to  a  great  height,  without  regarding  the  place  in  which  we 
are  to  descend :  or  where  we  wish  to  attain  only  a  height  so  moderate  that 
the  machine  may  be  kept  by  ropes  in  the  situation  which  is  desired.  In 
France  tho  buil  ioTi  has  lately  been  employed  with  considerable  succch'?  as 
a  nu  t(  (  rol  al  ( j  1 ) ^natorv  ;  Mr.  Biot  and  Mr.  Gay  Lussac  having 
ascended  to  a  lieight  of  above  four  miles,  for  the  laudable  purpost  of  ai*cer- 
taining  some  facts  relating  to  the  constitution  of  the  atmosphere,  and  to 
the  magnetic  properties  of  the  earth. 

*  iii.  92  ;  iv.  106.  f  De  Artificio  Navigandi  per  Aerem,  1676. 

X  Mathematical  Magic,  1680.      §  Hooke.  Fh.  CoU.  No.  1,  p.  IS. 
I  Montgolfier,  Discours  sur  I'Airostate,  Paris,  1784.   P.  de  Boalsr,  P^wmlke 
■ap^rienoe  de  la  Mcal|oifi^,  4to,  Fkris,  17M. 
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LECTURE  XXXL 


ON  THE  PROPAGATION  OP  SOUND. 

Tbb  theory  of  eonndy  wbieh  conttitales  tbe  Bcieiios  of  aciuticB^  is  on 
mKnj  Moonnte  Hiwrnfiim  of  paiticmlar  aMeiitioii,  for  it  not  only  uitoItm 
maaj  intemfeing  properties  of  Hie  motions  of  elastie  substanoss^  but  it  also 
afibrds  ns  oonsideiable  assistance  in  onr  physiological  inquiries  respecting 
the  natare  and  operation  of  the  senses.  The  subject  has  usually  been  e<Mlr 
gidered  as  exceedingly  abstruse  and  intricate,  but  the  difficulty  has  in  ^<mM^ 
measure  originated  from  tlie  errors  which  were  coinmittcd  in  tlie  first 
inquiries  r^Hpeetinij-  it ;  and  many  of  the  phenomena  In  1  iiipng  to  it  are  so 
renuii  kal*le  and  so  amusing,  as  amply  to  repay  the  iabuur  of  examining 
them  by  the  entertainment  that  they  afford.  We  shall  consider  iirt^t  the 
nature  and  propagation  of  sound  in  general,  secondly,  the  origin  of  par- 
tionlar  sonnds^  and  the  efleets  of  single  sounds ;  thirdly,  the  eonsequenoes 
of  the  combinations  of  sounds  raiiously  related,  constituting  tba  doebrine 
of  harmonica^  and  fourthly,  the  construction  of  musical  instrument^  and 
the  history  of  the  science  of  acustics. 

Sound  is  a  motion  capable  of  affecting  tbe  car  with  the  sensation  peculiar 
to  the  organ.  It  is  not  simply  a  vibration  or  undulation  of  the  air,  as  it  is 
sometimes  called  ;  for  there  are  many  sounds  in  which  the  air  is  not  con- 
cerned, as  when  a  tmiin'j'  fork  or  any  other  sounding  body  is  held  by  the 
teeth:  nor  is  bound  alwa\  <  ;i  vibration  or  alternation  of  any  kind;  for 
every  noise  is  a  sound,  and  a  noise,  as  distinguished  from  a  continued 
sound,  consists  of  a  single  impulse  in  one  direction  only,  sometimes  without 
any  alternation ;  wbUe  a  continiisd  aouad  is  a  anoeesrfcmof  such  impolsesi 
which.  In  the  organ  of  hearing  at  leasl^  cannot  but  be  alternate*  If  these 
BUCcesnTo  impulses  lioim  a  connsded  serlei^  foDowiiig  each  oilier  too 
rapidly  to  be  separately  distinguished,  they  constitiite  a  continued  soundt 
like  that  of  the  voice  in  speaking ;  and  if  thfijare  equal  among  themselres 
in  duration,  they  produce  a  musical  or  equable  sound,  as  thnt  >f  n  vi- 
brating cord  or  string,  or  of  the  voice  in  singing.  Thus,  a  quill  strilsiug 
against  a  piece  of  wood  causes  a  noise,  but,  striking  against  the  teeth  of  a 
wheel  or  of  a  comb,  a  continued  sound  ;  and  if  the  teeth  of  the  wlieel  are 
at  e(^uai  distance  and  the  velocity  of  the  moUoa  is  constaut,  a  muiiical 
note. 

Sounds  of  all  Idnds  are  most  usually  conveyed  Ihrouij^  tbs  medium  of 
the  air;  and  the  necessity  of  the  presence  of  this  or  of  some  other  material 
substance  for  its  transmission  is  easily  shown  by  means  of  the  ur  pump  ;* 
for  the  sound  of  a  bell  struck  In  an  exhausted  receiver  is  scarcely  })er- 
ceptiblCb  The  aqperiment  is  most  convenioitly  performed  in  a  moveable 
receiver  or  transfoneer,  which  msy  be  shalcen  at  pleasar^  the  finme  which 

•  Haukibee,  Ph.  Tr.  1705,  xxiv.  1902,  and  xxvi.  367.  Biot,  MAn.  d'AieuiB, 
11.97.  Seei:VtiUS.S.T.34.  fiaswe, Vojege dms iss Aipw, vii. 377. 
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flO^endA  tlw  ImU  bong  sapported  by  tome  very  soft  subsUtnoe^  muStk  tm 
cork  or  wooL  As  the  air  is  gradually  admitted,  the  sound  becomes  stronger 
and  stronger,  although  it  is  still  much  weakened  by  the  interposition  of 
the  glass :  not  that  glass  is  in  it^<elf  a  bad  conductor  of  sound,  but  the 
change  of  tlie  medium  of  comiaiinvcation  from  air  to  plass,  and  again  from 
glass  to  air,  occasions  a  great  diminution  of  its  intensity.  It  is  perhaps  on 
account  of  the  apparent  facility  with  which  sound  is  tran^nitted  by  air, 
tbii  the  doctrine  of  aenatics  baa  been  usually'  oonsadered  aa  immediately 
dependent  on  pnetimaticis  aKhough  it  belongs  aa  mndi  to  the  theoiy  of  the 
mechanics  of  solid  bodicB  ae  to  tiiat  of  hydiodynamips. 

A  certain  time  is  always  required  for  the  transmission  of  an  impulse 
through  a  material  substance,  even  through  such  suhstancea  as  appear  to 
he  the  hardest  and  the  least  compressiMo.  It  i'^  c!i  m  unstrable  that  all 
minut*  impulses  are  conveyed  throutjli  any  homogeneous  elastic  medium, 
whether  solid  or  fluid,  witii  a  uniform  velocity,  which  b  always  equal  to 
that  which  a  heavy  body  would  acquire  by  falling  through  half  the  height 
of  the  modnlna  of  daaticity,  that  is,  in  the  ease  of  the  air,  half  the  height 
of  the  atmoqiheTC^  supposed  to  be  of  equal  density ;  so  that  tiie  velocity  of 
sound  passing  through  an  atmoflphere  of  a  umfom  elastic  fluid  must  be 
the  same  with  that  of  a  wave  moving  on  its  surface.  In  order  to  fbnn  a 
distinct  idea  of  the  manner  in  which  sound  is  propagated  through  an 
elastic  fubstance,  we  must  first  consider  the  motion  of  a  single  particle, 
which,  in  the  case  of  a  noise,  is  pushed  for^vards,  and  then  either  rcmaina 
Btationary,  or  returns  bac  k  to  it«i  original  mtuation :  T)ut  in  tlie  casie  of  a 
musical  sound,  is  continually  moved  backwards  and  forwards,  with  a 
▼elocity  always  varying,  and  varying  by  different  degrees,  aocoiding 
to  the  natmre  or  quality  of  the  tone ;  for  instance,  diflbrenHy  in  the  notes 
of  a  bell  and  of  a  trumpet  We  may  first  suppose  for  the  sake  of  sim- 
plicity, a  single  series  of  particles  to  be  placed  only  in  the  same  line  with 
the  direction  of  the  motion.  It  is  obvious  that  if  these  parUdes  were  ab- 
solutely incompressible,  or  in  finitely  elastir,  and  were  also  retained  in 
contact  with  eacli  other  by  an  infinite  force  of  cohesion  or  nf  coTnprcssion, 
the  whole  series  must  move  precisely  at  the  same  time,  as  well  as  in  the 
same  manner.  But  in  a  substance  which  is  both  compressible  and 
extensible  or  expannble,  the  motion  must  occupy  a  certain  time  in  being 
propag^iled  to  the  successive  partides  on  either  sld^  by  means  of  the 
impulse  of  the  first  particle  on  those  which  are  before  it»  and  by  means  of 
tlie  diminutUm  of  its  pressure  on  those  which  are  behind ;  so  that  when  the 
sound  consists  of  a  series  of  alternations,  the  motion  of  some  of  the  par^ 
tides  will  be  always  in  n  l<«ss  advanced  state  than  that  of  others  nearer  to 
ita  source,  while  at  a  greater  distanre  forwards,  the  particles  will  be  in 
the  opposite  stage  of  the  undulatit  n.  and  still  further  on,  they  will  again 
be  moving  in  the  same  iuanner  with  the  first  particle,  in  consequence  of 
the  effiMit  of  a  former  vihratlim. 

The  situation  of  a  particle  at  any  time  may  be  represented  by  supposing 
it  to  mark  Its  path  on  a  surfooe  diding  uniformly  along  in  a  transverse  di- 
rection.  Thus,  if  we  fix  a  small  pencil  in  a  vibrating  rod,  and  dfutr  a 
sheet  of  paper  along,  against  the  point  of  the  pencil,  an  undulated  line  will 
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be  marked  on  the  paper,  and  will  correctly  represent  the  progrcm  of  the 
vibration.  Wliatever  the  nature  nf  tlie  sound  transmitted  through  any 
niP'^iiini  may  l)c,  it  niny  l.t  f  liouu  that  tlic  path  tlius  described  will  also 
indicate  the  situation  of  the  ilitVLieut  particles  at  any  one  time.  The 
simplest  case  of  the  motion  of  tlie  particles  is  tliat  in  which  they  observe 
the  same  law  wiUi  the  vibration  of  a  peuUuluia,  which  is  always  found  op^ 
poidte  to  a  point  supposed  to  move  uniformly  in  a  dicle :  in  this  case  the 
path  dcaofibed  will  be  the  fignie  denominated  a  barmonie  com ;  and  it  may 
be  demonetmled  fliat  the  Ibroe  jmpelling  any  particle  baekwaTde  or  for- 
trards,  will  always  be  represented  by  the  distance  of  the  particle  b^ore  or 
behind  its  natural  place  ;  the  greatest  condensation  and  the  greater  direct 
velocity,  as  well  as  the  greatest  rarefaction  and  retrograde  vek»ciiy»  iiappen- 
ing  at  the  instant  when  it  passes  through  its  natural  pLice. 

We  are  ready  to  iniafjine  that  very  hard  bodie<^  tmnsMiit  motion  instan- 
taneously, because  we  have  no  easy  means  of  measuring  the  interval  of 
time  that  elapses  between  the  action  of  pushing  the  end  of  a  rod,  and  the 
protmiion  of  an  obstacle  at  the  other  end,  or  between  the  instant  of  puUipg 
a  bell  rope,  and  that  of  the  ringing  of  the  bell.  Bat  it  is  demonstrable  that 
in  order  to  transmit  an  impulse  in  a  time  infinitely  small,  the  hardnesB  of 
the  snbstance  must  be  iniimtdly  great,  and  it  must  be  abs^ilutely  incom- 
pre8si!)le  and  invxtonsible  by  any  force,  which  is  a  property  not  discover- 
able in  any  natnral  bodies;:  tlic  hardest  steel  and  tlie  most  brittle  glass 
being  very  suscepti)>le  both  of  extension  and  compression. 

The  least  elastic  substance  that  has  been  examined,  is  perhaps  carl  ionic 
acid  ga^*  or  fixed  air,  which  is  considerably  denser  than  atmospheric  air 
ezpossd  to  an  equal  degree  of  preesnre.  The  height  of  the  atmo^here^ 
euppoeed  to  be  homogeneous,  is  in  ordinaiy  circnmetancee,  and  at  the  sea 
aide,  about  28,000  feet,  and  in  falling  throngh  half  this  height  a  heavy 
body  would  acquire  a  relodty  of  94G  feet  in  a  second.  But  from  a  com- 
parison of  the  accurate  experiments  of  Derliam,t  made  in  the  day  time, 
with  those  of  the  French  Academicians,*  made  chiefly  at  night,  it  appears 
that  the  true  velocity  of  sound  is  about  11.30  feet  in  a  second,  which  agrees 
very  nearly  with  some  observations  made  with  ^at  care  by  Professur 
Pictet.  This  difference  between  calculation  and  experiment  has  long 
occupied  the  attention  of  natural  iMosoph^rs,  but  the  difficulty  appean 
to  haTe  been  In  great  measure  remov^  by  the  happy  suggestion  of 
Laplaoe,§  who  has  attributed  the  effect  to  the  elevation  of  tsmperature, 
which  is  always  found  to  accompany  the  action  of  condensation,  and  to 
the  depresiloa  produced  by  rarefaction.  It  is  true  that  a  greater  change 
of  temperature  wfmld  be  required  than  Mr.  Dalton's  experiments  on  the 
compression  of  air  api)ear  to  indicate  ;  but  thoae  experiments  do  not  pcr- 

*  It  is  Rulphurons  acid,  in  which  the  velocity  is  229 '2  ft.  Krrs,  Dissertatio  de 
Celehtate  Sotii,  4to.  Trajccti  ad  Rhenum,  1819.  Joomal  de  Fbj!»i<|ue,  1821,  p.  40. 

f  Ph. TV.  1708.  p.  2,  conclades  that  the  vdoeitjr  is  lU2ft.  per  neood. 

X  Hist,  et  Mem.  dd'Aciul.  1738-0.  Here  the  effect  of  tiie  wind  was  first  taken 
into  accuuut:  vei.  =  llUGft.  at  43°  of  temp.  The  actual  Telocity  at  the  freezing 
temp,  is  aboat  109V  ft.  per  aecoDd.  The  increue  of  ▼dodty^ii  1*136  ft.  for  erery 
dcgret'  of  tt-iiiiicniturc,  on  Fahrenheit's  scale. 

§  See  FoiMon,  Jouroil  de  TEcole  Foljtedmi^uc,  cah.  zir.  Biot,  Jooraal  dc  Phy- 
dqa»f  Iv.  ITS.  hUm,  d'Arewai  ii*  94. 
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fecCly  agiee  among  tlmiiBelrefi ;  snd  the  obBemtion  which  has  been  made 

in  France,  that  a  heat,  8ufllicient  to  set  tow  on  fire,  may  1>e  |>nMluce<l  hy 
tl»e  operation  of  a  condensing  syringe,  seems  to  sliow  that  Mr.  Dalton's 
results  are  somewluit  lalow  the  truth.  In  this  manner  the  theory  may 
he  completely  reconciled  with  experiments  may  estimate  tlic  nio»lulus 

of  the  air's  effective  elaRticity,  which  is  tlie  measure  of  its  iuaaetliate 
force,  from  the  velocity  wliich  is  thus  obscrveti,  and  its  height  will  appear 
to  be  80,800  feet»  instead  of  27,800,  which  is  the  supposed  height  of  the 
atmosphere.  This  velocity  remaiiui  nnchanged  hy  any  alteniatbn  of  pre»> 
sure  indicated  by  the  barometer,  but  it  may  be  afieded  by  a  change  of 
temperature.  For  wlien  an  elastic  fluid  ia  compressed,  its  elasticity  la 
increased  in  the  same  ratio  as  its  density ;  and  the  height  of  a  homo- 
geneous atmosphere  equivalent  to  the  pressure,  remains  the  same,  conse- 
quently the  velocity  ciilctilated  from  that  heiglit  remains  unaltered  ;  hut 
the  identity  of  the  aitflenition,  from  the  etiect  of  heat  which  lias  l)een 
mentioned,  can  only  l)c  interred  from  observation  :  this  identity  may,  how- 
ever, he  hiitinfactorily  shown,  hy  means  of  e.\i»eriment8  on  tlic  bouiuU  uf 
otgan  pipes,  which  are  intimately  connected  with  the  velocity  of  the 
transmission  of  sound  tiuough  the  air,  and  which  are  found  to  remain 
precisely  the  same^  however  the  air  may  be  rarefied  or  condensed.  The 
Academicians  del  Cimento  inclosed  an  organ  pipe^  with  bellows  worlced  by 
a  spring,  in  the  receiver  of  an  air  pump  and  of  a  condenser,  and  they 
found  that,  as  long  as  the  sound  was  audible,  its  pitch  remained  unchanged. 
Papint  screwed  a  whistle  on  the  orifice  which  admits  tl»e  air  into  the 
receiver  of  the  air  pump,  and  T  have  fixed  an  organ  pipe  in  the  same 
manner  ;  and  the  result  agreed  witli  the  experiment  of  the  acudemicianf. 
But  if  the  density  of  the  air  is  changed,  while  its  <>bvsticity  reuiainis  unal- 
tered, which  happens  when  it  is  expande<l  by  heat,  or  condensed  by  cohl, 
the  height  of  the  column,  and  consequently  tlie  velocity,  will  also  be 
altered ;  so  that  for  each  degree  of  Fahrenheit's  thermometer  the  velocity 
will  vary  about  one  part  in  a  thousand.  Bianconi  %  has  actually  observed 
this  difference  of  velocity  according  to  the  different  heights  of  the  thermo- 
meter, and  it  may  be  shown  less  directly  by  means  of  the  sounds  of  pipes; 
but  it  has  not  been  necMirately  determined  whetln  r  or  no  the  correction  on 
account  of  the  effect  of  compression  in  causing  heat,  remains  unaltered, 
although  IJianconi's  ox]>eriments  ai^ncp  very  well  witli  the  supposition  that 
no  material  cbaivr*'  tiikes  ])lai-e  in  this  respect.  The  velocity  of  <«ound 
nuist  also  be  in  some  mcjisure  infhieneed  by  the  <|uantity  uf  nu>istun.'  con- 
tained in  the  atmosphere  :  it  must  lie  a  little  diminished  by  cold  fugs, 
which  add  to  thi;  density,  without  augmenting  the  elasticity,  and  increased 
by  warm  vapours,  which  tend  to  make  the  air  lighter ;  and  these  two 
opposite  states  are  probably  often  produced  In  sncoesdon  in  wind  instru- 
ments blown  by  the  mouth,  the  air  within  them  being  at  first  cold  and 
damp,  and  afterwards  warm  and  moist. 

In  pure  hydrogen  gai^  the  veMcity  of  sound  ought,  from  calculation,  to 
be  more  than  three  times  as  great  as  in  common  air,  but  the  difference  docs 

*  Clement  and  Deiomiet,  Joumsl  de  Phjnque,  1H19,  p.  34. 
t  Birch,  iv.  379.  X  Comm.  Soiion.  ii.  1. 365^ 
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not  .ifipoar  t^)  have  l>orn  pn  ijreat  in  any  experiment  hitherto  made  on  the 
yuun<ls  of  pipes  in  gases  of  <litftTent  kinds.  For  sueh  experiments,  the 
comparative  specific  gravity  of  the  gii&  may  he  most  conveniently  ascer- 
tdjied  by  Mr.  Leslie's  method  of  observing  the  time  employed  in  emptying  a 
TfMel  throng^  a  Booiall  orifice,  by  means  of  the  pYwnm  of  an  equal  coliiiim''  . 
of  water;  acooxding  to  the  simple  tbeoiy,  the  Teloclties  of  the  gaa  thus 
di8charp;ed  ought  to  be  in  the  same  proportion  aa  the  zeqieetiTe  velocHiee 
with  whidi  sounds  would  be  transmitted  by  them  ;  and  if  any  variation 
from  tilts  proportion  were  discovered,  it  must  be  attributed  to  the  different 
doirrcps!  rjf  lieat  produced  by  condensation  in  the  difFerent  fluids.  Steam, 
at  ttie  t^jnperature  of  hoilinp:  wat^r,  is  only  one  thiitl  as  heavy  as  common 
air ;  consequeutiy  the  velocity  of  sound  in  steam  must  be  neaiiy  three 
fourths  greater  than  in  air. 

It  does  not*  appear  that  any  diteet  experiments  hare  been  made  on  the 
veloeity  with  wMch  an  impales  is  transmitted  through  a  liquid,  althoogli 
it  is  wdl  Icnown  that  liquids  are  capable  of  conyeying  sound  witiiout  diffi- 
culty ;  Professor  Rohison  informs  us,  for  example,  tliat  he  heard  tlie  sound 
of  a  bell  transmitted  by  water  at  the  distance  of  1 2fK)  feet.  It  is,  however, 
easy  to  calculate  the  velocity  with  which  Hoimd  nm.st  l>e  propSinated  in  any 
liquid  of  which  the  C(»Mij)res.sibility  has*  been  measured.  Mr.  Canton  him 
a.s<-ertHined  that  the  elasticity  of  water  is  uhout  22,(MK)  times  as  frrcat  as 
that  of  air  ;t  it  is,  tlierefore,  measured  by  tiiu  height  of  a  column  which  is 
In  ths  same  proportion  to  34  feet,  tlkat  is  760  thousand  feet^  and  the  Telocity 
oorrsi^nding  to  half  this  height  is  4800  feet  in  a  second.  In  mexeuiy, 
also^  it  appears  from  Mr.  Canton's  experiments,  t  that  the  velointy  must  be 
nearly  the  ssme  as  in  water,  in  spirit  of  wine  a  little  smidler.  These 
experiments  were  made  by  filling  the  bulb  of  a  thermometer  with  water, 
and  o>)f5erv'inp'  tlie  efFect.s  of  placing  it  in  an  exhausted  receiver,  and  in  con- 
densed air  ;  takiriL,'  care  to  avoid  changes  of  teuijjcrature,  and  other  sources 
of  error;  the  tinid  rose  in  the  tul)c  when  the  pressure  was  removed,  and 
subsided  when  it  was  increased.  A  sliglit  correction  is,  however,  required, 
M  account  of  the  expansion  and  oontrsction  of  the  glass,  which  must  have 
tended  to  make  the  elasticity  of  the  fluids  appear  somewhat  greater  than  it 
really  was. 

It  is  also  wen  known  that  solid  bodies  in  genexal  are  ;,'ood  conductors  of 
sound :  thus  any  sgitation  communicated  to  one  end  of  a  t)eam  is  readily 
conviqred  to  the  ear  applied  to  the  other  end  of  it.  The  motion  of  a  troop 

♦  Shiee  tiie  above  waa  written,  experiments  have  liceii  made  on  the  velocitT  of 
sound  in  water,  by  M.  Btuduit  it  >f-rA,  illrs,  and  MM.  Colladon  and  Sturm, (a)  ia 
the  Lake  of  Geneva.  The  care  wiUi  which  the  latter  Acnea  of  experiments  were  con- 
ducted, and  the  distance  to  wUdi  the  flOnnda  were  transmitted,  amounting  to  about 
four  leagues,  entitles  them  to  rnnfidrnce.  Thr  s  inds  were  made  by  bells  rung 
under  the  water  on  one  side  of  the  lake,  which  were  heard  on  the  other  side  by  the 
interrention  of  a  tube,  dosed  at  one  end  end  open  at  the  other ;  the  closed  end  being 
immersed  in  the  water,  so  that  a  column  of  air  tnnismitfri',  the  sound  to  the  ear 
above  the  water.  By  a  great  number  of  expcriiueuLs,  u  ajipcars  tlmt  the  velocity  is 
4708  feet  per  second,  in  water  of  the  temperature  40-6°  of  Fahrenheit. 

t  21.740,  aooonUng  to  Canton,  Ph.Tlr.  1762,  Ui.  640$  1764,  liv.  261. 

;  Ibid. 

(fi)  Annales  de  Chimic,  vol.  xxxvi.    Comptcs  Rcndus,  xiii.  439. 
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of  cavalry  b  Mid  to  be  pwceiwd  at  ft  gitatar^ilaMe  liyliilflaliig  wHhllie 

head  in  contact  with  the  groimd,  thui  by  attending  to  tin  aoiuul  eonveyed 
through  the  air  ;  and  we  may  frequently  observe  that  some  parts  of  the 
ftimiture  of  a  hoime  are  a  little  agitated  by  the  approach  of  a  waarnn,  Wf««re 
we  hear  the  noise  which  it  iinmefliatclv  occasion??,  Tho  velocity  with 
which  impulses  are  transniitteil  liy  soliJji,  is  in  gt-noral  coii>i»ieratily  creator 
Uwn  that  with  which  they  are  conveyed  by  the  air :  Mr.  WuDtich*  lias 
MeerlftiiMd  thii  dinet  obsemlioiis  on  «  lariis  ni  M  rodi  doady 
vnitid  togetlMr,  wUeh  appeared  to  trenamit  a-aonnd  ioetantonaooaly*  wiille 
a  eenaible  interval  waanqiiirad  for  itopa■w^|^tlln«lgh the  air;  Ilumalaa 
found  that  the  blow  of  a  hammer  on  a  walL,  at  the  upper  part  of  a  hi^ 
house,  is  heard  as  if  double  by  a  person  standing  near  it  on  the  ground,  the 
first  sound  (lc«cpnf!ing  throu!?h  the  wall,  the  second  throuirh  the  air.  It 
appears  from  ex]"  rinients  on  the  tk'xure  of  solid  l»o<lics  of  all  kinds,  that 
tlieir  t  laWicity,  compared  with  tlu  ir  ilonsitj',  is  mucli  gruater  than  tliat  of 
tht)  air  :  ihuH,  the  height  "f  nioilulus  of  elasticity  of  fir  wood,  is  found, 
by  meaaa  of  awdi  ei^ariineati^  to  Iw  about  9,500,000  fset*  whanea  tta 
'  ▼elooi^  of  an  iininilBe  comj^  throiigfa  it  maat  be  I7t4l00  fiee^  or  move 
than  thveo  mile^  in  a  eeoond.  It  u  obriotu^  tharefan^  that  In  ali  oomraoB 
experimenta  each  a  transmiONon  must  appear  perfectly  instantaneous 
There  arc  varionH  methods  of  ascertaining  this  velocity  from  tlie  sounds 
prodnord  undt  r  difFi-ront  circumstances  by  the  substances  to  he  exnTnine<l, 
and  Professor  Chladni  t  has  in  this  manner  compared  the  properties  of  a 
variety  of  natural  and  artilicial  productions. 

We  liHve  hitherto  coubidercd  the  propagation  of  sound  in  a  single  right 
line^  orinpaxmUd  fiaeaonly;  batitveoally  happens,  at  leaatwlian  a  aound 
la  transmitted  through  a  fluid,  that  the  impnlae  spreads  in  avary  direotion, 
ao  aa  to  occupy  at  any  one  time  nearly  the  whole  of  a  spherical  anrfiMMb 
But  it  is  impoedbla  that  tiie  whole  of  this  surfMse  should  be  affected  in  a 
similar  manner  by  any  sound,  origintUing  from  a  iribration  confined  to  a 
certain  direction,  since  the  i^nrticles  behind  the  soundinj?  body  must  be 
moving*  towards  the  centre,  whenever  the  ])articles  before  it  arc  retreating 
from  tlie  centre  ;  so  that  in  one  half  of  tlie  surface  the  motions  may  l»e 
called  retrograde  or  negative,  while  in  the  other  they  are  direct  or  positive, 
consequently  at  tl^  sides,  where  these  portions  join,tlie  motionaoanbe  nd- 
ther  poeitiTo  nor  negative^  and  the  partidas  mast  ramafai  at  rest ;  the  ma- 
tiona  must  abo  become  gradnally  less  and  lees  ssnsible  aa  they  approach  to 
the  limit  between  tho  two  hemispheres.  And  this  statement  may  be  con- 
finned  by  an  eixperiment  on  the  vibration  of  a  body  of  which  the  motion  ia 
limited  to  a  certain  direction,  thesoun  l  b«'ing  scarcely  audible  when  tho  oar 
is  in  a  direction  precisely  prrpen<1icular  to  that  of  the  vibration. 

The  sound  thu«  diver^ang  must  always  be  spread  through  a  part  of  a 
^herical  surface,  because  its  velocity  must  be  e<|uai  in  every  direcLioo,  so 
that  the  impulse  will  always  move  forwatda  in  a  strugfat  line^  paaaing 
throngh  the  centre  of  the  sphere^  or  the  Tibrating  body.  But  whan  a  hami- 

*  Berlin  Memoirs,  1788.  p.  87. 

t  TMt^  d'AooMtii]«e,  Puis*  1809,  p.  319.  Sec  Renchd's  ramaik  on  thos 
mvlls,  Bmye.  Met  srt.  Sdimdt  p.  773. 
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H[ilierical  puke  arrives  at  the  surface  of  a  plane  solid  obstacle,  it  iB  reflMted 
prcciidy  in  the  attme  maimer  as  we  have  already  eeen  that  a  wave  of  water 
b  rBileefeed»aiid  aanmiei  the  foimofa  pulse  proceeding  bmt  a  centre  at  an 
equal  difltaaee  on  the  oppoeite  side  of  the  snfface.  This  teflectUm,  when  it 
returns  haek  petpendienUudyv  oonstitDteB  wiiat  Is  eommonly  called  an 
echo  ;  bnt  in  order  that  the  edio  may  be  heard  distinctly,  it  is  necessary 
thai  the  reflecting  object  be  at  a  distance  moderately  great,  otherwise  the 
returning  sound  will  be  confused  with  the  original  one  ;  anil  it  must  cither 
have  a  smnotli  surface,  or  consist  of  a  number  of  Hurfaces  arranged  h\  n 
suitable  furni  ;  thus  there  is  an  echo  not  only  from  a  distant  wall  or  rt>ck, 
but  frequently  from  tiie  trees  in  a  wood,  and  sometimefl,  as  it  is  uaid,  even 
from  a  cloud. 

If  a  eound  or  a  wave  be  lefleeted  from  a  carved  eorfaoe^the  new  direction 
which  it  win  assume  may  be  determined,  either  from  the  condition  that  the 
velocity  with  which  the  impuUe  ie  transmitted  must  remain  unalteredy  or 
from  the  law  of  reflection,  which  reqmns  thai  the  direction  of  the  reflected 

pulse  or  wave  be  such  as  to  form  an  an|^  with  the  surface^  equal  to  thai 
which  the  incident  pulse  before  formed  with  it.  Thus  if  a  sound  or  wave 
proceed  from  one  focus  of  an  ellipsis,  and  be  reflected  at  its' circumference, 
it  will  be  directed  from  pvcry  j'  lrt  of  the  circumference  towards  the  other 
focus,  since  the  distance  wliicii  every  i»ortion  of  the  pulse  has  to  ]i;iss  over 
in  the  same  time,  in  following  this  path,  is  the  same,  the  sum  of  the  lines 
drawn  from  the  foci  tu  any  pait  of  the  curve  being  the  same  ;  and  it  may 
also  be  demonstrated  thai  these  lines  form  always  equal  angles  with  the 
curve  on  each  side.  The  truth  of  this  proposition  may  be  easily  shown  by 
means  of  the  appacatns  already  deeciibed  for  exhibiting  themotiona  of  the 
waves  of  water ;  we  may  also  confirm  it  by  a  simple  experiment  on  a  dish 
of  tea :  the  curvature  of  a  circle  differs  so  little  from  thai  of  an  ellipsis  of 
anmll  eccentricity,  thai  if  we  let  a  drop  fall  into  the  cup  near  its  centre,  the 
little  wave  which  is  excited  will  be  made  to  conveige  to  a  point  at  an  equal 
distance  on  the  utber  side  of  the  centre.    (Plate  XXV.  ¥\^.  340,  341.) 

If  au  ellipsis  lie  prolonc^ed  without  limit,  it  will  become  a  paralmla  :  hence 
a  parabola  is  the  })roper  fonn  of  the  section  of  &  tube  calculated  for  collect- 
ing a  sound  wluch  proceeds  from  a  great  distance  into  a  single  point,  or 
for  carrying  a  eound  nearly  in  parallel  direotbns  to  a  vny  distant  place. 
It  appears^  thoefoie,  that  a  pambolio  conoid  is  the  best  form  for  a  hearing 
trumpet^  and  for  a  spealcing  trumpet ;  but  for  botfa'pnrposee  the  parabi^ 
ought  to  be  much  dongated,  and  to  consist  of  a  portion  of  the  conoid  re- 
mote from  the  vertex  ;  for  it  is  requisite,  in  order  to  avoid  eonfusion,  that 
the  sound  should  enter  the  ear  in  directions  confinecl  within  certain  limits: 
the  voice  proceeds  also  from  tbf  montli  without  any  very  considerable  di- 
vergence, '^nthat  the  parts  of  the  curve  behind  the  focus  wniild  in  l)oth  cases 
\hs  wholly  useless,  A  trumpet  of  such  a  uhape  due^  n  (  very  materially 
dillcr  from  a  part  of  a  cone ;  ami  conical  instruments  are  found  to  answer 
sufficiently  well  for  pracUce  ;  it  appears,  however,  unnecesttiiry  to  suppose, 
as  Hr«  Lamltert  has  done^  thai  they  differ  essentially  in  principle  from 
parabolic  trumpets.*  It  ie  not  yet  perfectly  decided  whether  or  no  a  s|)eak> 

*  On  Aooiutic  Inatnuneuts,  lUsk.  et  M6n.  de  fierlia,  17iS3»  p*  87. 
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Ing  tnimpet  has  any  immediate  efitet  In  ativngtheniiig  tbe  voice,  iude- 
pendenily  of  the  reflection  of  soand.  (Plate  XXV.  Fig.  312.) 

A  71  uinbrellH,  held  in  a  proper  position  over  the  head,  may  serve  to  coUeet 

the  force  of  a  distant  sound  by  reflection,  in  the  manner  of  n  hearing 
trwTnpet ;  but  its  suhslance  is  tr>o  slight  to  reflect  nny  ^ound  very  perfectly, 
uuk'*i>  ihe  snuu>\  fnU  nj,  it  in  a  very  oblique  direction.  The  whisiiering 
gallery  at  St.  i'am  ,s  pnxliites  an  effect  nearly  similar,  by  a  c<)jitinue<l  repe- 
tition of  mfleetions.  Air.  Clittrles's  paradoxical  exhibition  of  the  liivisiMe 
Girl  •  liae  also  Iseen  said  to  depend  on  the  reflection  of  sound  ;  but  the  de- 
ception is  leally  performed  by  conveying  the  sound  through  pipes,  artfully 
eonoealed,  and  openmg  opposite  to  the  month  of  the  tmmpet,  from  which 
it  seems  to  prm-t-od. 

When  a  i.ortion  of  a  pulse  of  sound  is  separated  by  any  means  horn  the 
l  e^t  of  the  ^I.hl  rical  or  hemispherieal  surface  to  which  ib  belongs,  and  pro- 
ciids  through  a  wide  space,  without  Wing^  supported  on  either  side,  there  is 
a  certain  degree  of  divergeuce,  by  means  of  which  It  sometimes  l,o,  nni4»s 
•udlble in  ever>'  part  of  the  medium  transmittinsr  it:  but  the  s-)un.l  tluis 
diveiging  is  comparatKTely  very  faint ;  and  moi-e  so  indeed  tliaii  the  c«ect 
of  a  wave  of  water,  admitted  under  similar  cheumstanoea^  into  a  wide  re- 
eerroir,  which  we  have  ahready  examined.  Henee,  hi  order  thaiaipealdiig 
trumpet  may  produce  its  full  eflect,  it  most  be  direeted  in  a  right  line  to- 
wards tlie  htiirer:  and  the  sound  collected  into  the  focus  of  a  concave 
mirror  is  far  more  powerful  than  at  a  little  distance  from  it,  which  could 
not  happen  if,  as  some  have  ernmeously  supposed,  sound  in  all  cases  tende<i 
to  spread  equally  in  all  directions.  The  souiuis  that  enter  a  room,  in  which 
tiiere  ia  an  open  window,  are  generally  lieard  by  a  mixtip^  of  this  faint 
divBigience  with  tiie  lelleetien  from  various  parts  of  the  wmdow  and  of  the 
room,  and  with  the  eiibet  of  the  impulse  transmitted  thmngh  the  walla. 
This  diveiging  portion,  however  famt»  pvobaUy  assists  in  pieeei  liiig  the 
rectilinear  motion  of  the  prineipal  sound,  and  gradually  it  little  ad- 
ditional strength  at  the  expense  of  this  portion. 

The  ilecay  of  sound  is  the  natumi  con  .sequence  of  its  distribution  through- 
out a  larfjer  and  lar>;cr  quantity  <»f  matter,  as  it  proceeds  to  diver^re  •'very 
way  from  its  Centre.  The  actual  velocity  of  the  jmrticles  of  the  Tneduuu 
transmitting  it,  appears  to  diminish  simply  in  the  same  proportiuu  as  the 
distanoe  from  the  centre  increases ;  conssquently  thdv  energy,  which  in  to 
be  eonddered  as  the  measure  of  the  strength  of  sound,  must  vary  as  the 
square  of  the  distance ;  eo  that^aithe  distanoe  of  ten  feet  from  the  sounding 
body,  the  velocity  of  the  particles  of  the  medium  becomes  one  tenth  aa 
great  as  at  the  distance  of  one  foot,  and  their  energy,  or  the  strsngth  of  the 
sound,  only  one  hundredth  as  great. 
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ON  TUB  SOURCES  AND  EFFECTS  OF  SOUND. 

Tbb  exAminAtion  of  the  otigin  of  soaod  might  natanUy  be  deemed  an- 
terior to  the  inquiry  rcepecthig  its  propagftHon  ;  but  it  will  appear,  that  the 
proiwrties  of  niun y  of  the  most  usual  sources  of  sound  depend  immediately 
on  the  velocity  with  which  an  impulse  of  any  kind  istranHniitted  thn)Ui(1i  an 
elasti<'  niodinm  ;  it  was  therefore  necessary  to  consider  tlii4  velocity,  before 
tht?  ]>r()iliR-ti(iii  of  soun<l  in  L'tnieral  could  be  cruscusiied. 

The  origin  uf  a  simple  ^uuu<l,  without  any  aiU'rnation,  requires  very 
little  iiivestigaliou  :  it  appears  tliat  tlie  only  condition  necessary  for  ite 
pvodnetion  ie  a  eoSident  degree  of  ▼eloeity  in  the  motion  or  impnlae  whieh 
ooesstons  it.  A  very  moderate  velooity  most  be  sufficient  for  producing  an 
impremon  on  the  ear ;  there  is  reason  to  belicTe  that,  wlien  the  sound  is 
continued,  it  may  remain  audible  with  a  velocity  of  no  more  tlian  one  hun- 
dredth of  an  inch  in  a  second,  and  pnrhaps  even  with  a  velocity  much 
Rinnl]('r  than  tlii.s  ;  Lut  at  its  origin,  it  is  proTmlilc  that  thf  velocity  of  the 
inutioij,  roii^titutin;;  a  sonnd,  must  always  l>e  consi«leral>ly  frreatcr. 

A  continued  sound  nmy  be  priKluccd  by  a  repetition  of  bcparate  im- 
pulse independent  of  each  other,  as  when  a  wheel  strikes  in  rapid  sucoee- 
sion  the  teeth  of  a  pinion^  so  as  to  force  out  a  portion  of  air  from  between 
them ;  when  a  pipe,  thnmgh  whidi  air  is  passing,  b  alternately  opened 
and  ahnl^  otlier  wltoUy  or  partially,  by  the  revolution  of  a  stcpcoclc  or 
valve  ;  or  when  a  number  of  parallel  surfaces  are  jilaced  at  equal  distances 
in  a  line  nearly  perpendicular  to  them,  and  a  noise  of  any  kind  is  n  lb  cted 
from  each  of  them  in  sncccsaion ;  a  circumstance  which  may  often  lie  ob- 
served when  wti  are  walking  near  an  iron  railing,  an  acute  souikI  being 
heard,  which  is  composed  of  such  reflections  from  the  surfaces  of  the 
palisades. 

Musical  sounds  are,  however,  most  frequently  produced  by  Uie  alternate 
motions  of  eubetances  naturally  caiiabk  of  isochronous  vibratione^  and  these 
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sabstances  may  be  either  fluids  <  r    IMir^ nr  inrtmmirtf  eonpoMd  tff  ftoaai* 

bination  of  fluids  with  solids.  The  resonance  of  a  room  or  passage  is  one  of 
the  simplest  sources  of  a  musical  sound  ;  the  walls  hein?  iiarall^l,  the  impul5«« 
is  reflected  backwards  and  forwards  continually  at  equal  intervals  of  time, 
so  as  to  agree  with  the  definition,  and  to  produce  the  effect,  of  a  lau^ical 
sound.  When  we  blow  obli<^ueiy  and  uniformly  iuto  a  cyiindrical  pipe 
dosed  li  one  end,  it  is  probable  that  the  impulse  or  o<mdeiiMlioii  mui 
imvel  to  tlw  bottom  and  beck  before  tbe  nefatmee  ie  Sncreaeed ;  the  cor- 
tent  of  our  bl^Ui  will  then  be  direrted  from  tlie  month  of  the  pipe  for  an 
ec]ual  time,  which  will  be  required  for  the  diminnliim  of  the  i^sigtance  by 
the  discharge  of  the  condeneed  air,  so  that  the  whole  time  of  a  vibration 
will  be  equal  to  the  time  occupied  by  an  impulse  of  any  kind  in  pas^in^ 
thro«|j^h  four  times  the  length  of  the  pipe.  An  open  pipe  may  Reconsidered 
nearly  as  if  it  consisted  of  two  such  pipes,  unit^xi  at  tlitiv  closed  ends,  the 
portions  of  air  contained  by  them  being  agitated  by  contrary  motions,  so  as 
always  to  afford  each  other  a  resistance  similar  to  that  whidi  tke  bottom  of 
the  stopped  pipe  would  havo  fntdahed.  It  is  pnbabla  thai  when  an 
open  pipe  is  onee  filled  with  air  a  little  eoodensed,  the  oblique  cnircBi 
tnHan^l^  until  the  elieet  of  the  diachaige,  beginning  at  the  remoter  end, 
baa  retamed  to  tlu  inHated  orifice,  and  allowed  the  current  to  re-enter  the 
pipe.  Where  the  diameter  of  the  pipe  is  different  at  different  parts  of  its 
lenirf?!,  the  inve'ftifration  of  the  sound  becomes  much  more  intricate  :  hut  it 
has  l/een  juiisut  U  hy  Daniel  Bernoulli*  with  considerable  success,  e'lhouudi 
upon  suppositions  not  strictly  conustent  with  the  actual  state  of  the  muiiuns 
concerned. 

In  the  same  manner  aa  an  open  pipe  is  divided  by  an  imaginary  baai% 
so  as  to  produce  the  same  sound  with  a  stopped  pipe  of  half  the  length,  a 
pipe  of  any  kind  is  capable  of  being  snbdiTidad  into  any  number  of  sneh 
pipes^  supposed  to  meet  each  other's  corresponding  ends  only  ;  and,  in 
general,  the  more  violently  the  pipe  is  inflated,  the  greater  is  the  number 
of  parts  into  wliic}i  it  8uT»divi<l(>s  itself,  the  frequpucy  of  the  vibrations  being 
always  jtoj  iitional  to  that  number.  Thus,  an  open  pipe  may  be  divided 
not  oniy  into  two,  but  also  int<j  four,  six,  eight,  or  more  portions,  producing 
the  same  soundsi  ^  a  pipe  of  one  imlf,  cue  Uiird,  one  fourtli,  or  any  other, 
aliquot  part  of  the  length ;  but  a  stopped  pipe  cannot  be  divided  into  any 
even  number  of  similar  parti^  ite  eeoendary  sounds  being  only  thoee  of  a 
pipe  of  which  the  proportion  is  determined  hy  the  odd  numbers^  its  length 
being,  for  example,  one  tliird,  one  fifth,  or  one  seventh  of  the  original 
length.  These  secondary  notes  are  sometimes  called  harmonics  ;  they  are 
not  ojily  produced  in  succession  from  the  same  pipe,  but  they  nrf  also  often 
faintly  heard  together,  while  tlie  fundauuntAl  note  of  the  ]»ipe  continues  to 
sound.  When  the  pipe  has  a  larfo  cavily  cuiiaectcd  with  it,  or  consists 
principally  of  buch  a  cav  ity,  witliu  bmail  opening,  it«  v  ibratiuus  are  usually 
mudi  hue  frequent,  and  it  w  generaUy  incapable  of  producing  a  regular 
eMries  of  harmonics* 

It  is  obvious  from  this  statemrat  of  the  analogy  between  the  velodty  of 

*  Hist,  et  M^.  du  I'Acad.  1762»  p.  431.  H.  170.  Sec  Euler,  Nov.  Cuui.  IVir. 
ni.  281 .   Untf,         de  Phyrique.  i.  31 6.   BioC,  do.  U.  1 1 1 . 
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•oand  and  Ilit  viMiMMol  air  is  pipes,  tlii*  tl^gr  nmt  be  to 
AifaBilarmamMrbyaUtltentioittof  tamp^  TbnatbafriqiHMjaf 
tlwirifattttkiis  of  •  pipe  muat  be  inereaeed  nearly  in  tlie  xatio  olOQ  to  84  by 
•ndmtionof  aDdagneeof  FUueohflU'^tliaraioiD^  andif  tUeebinge 
be  accompanied  by  a  transitioD  from  dampiwai  to  aimple  noifltiiTC,  the  ioaad/ 
will  be  still  more  altered. 

Dr.  Chladni  has  diacorered  that  solids  of  all  kinds,  when  of  a  proper  form, 
are  capable  of  longitudinal  vibrationR,  exactly  resembling  in  their  nature 
those  of  the  air  in  an  orsran  pipe,  having  also  their  secondary  or  hannuuic 
notes  related  to  them  in  h  Himilui  laaimer.  These  vibrations  are  always  far 
more  frequent  than  those  of  a  column  .of  air  uf  et^ual  leu^^h,  tlie  velocity 
with  which  aB  hnpiilae  ia  Uaiiaoiitted  by  a  aoiid  of  any  Und  being  usually 
tnm  5  to  10  tiliiH  aa  giaat  aa  the  vdootty  of  aouid  in  air,  oo  that  tiba 
loqgitiidinal  aoiuida  ate  alwaya  eztnoMfy  aoote  whan  thiqr  are  p^^ 
aabetanees  of  moderate  length.  These  sounds  aflbfd,  perhaps,  the  most  ac- 
comte  mode  of  determining  the  yelocity  of  tlie  transmission  of  an  impulse 
through  any  elae^c  substance,  and  of  obtaining  from  that  velocity  the  exact 
measure  of  its  elasf icity ;  they  may  he  easily  exhibit^Ml  by  hoMlnir  a  long 
bar  or  wire  of  iron  or  brass  in  i\\v  middle,  and  ftrilfii^  it  at  one  end  with  a 
small  hammer  in  the  direction  of  its  length. 

The  vibrations  by  which  solid  bodies  most  usually  produce  sound  are, 
however,  not  longitudinal,  but  lateral,  and  they  are  governed  either  by  a 
tenaioo  derived  tnm  the  opsntioii  of  a  weight,  or  of  some  other 
feme,  or  by  the  natmal  ehtfticity  of  the  aabetaaee.  The  Tibntiona  of  acr 
tended  anbetanoei  liiflniWi  wott  in  their  propertiee  thoee  of  daitio  floida^ 
and  they  occur  the  most  frequently  in  practice,  although  the  vibradona 
produced  by  tlie  elwticity  of  the  eabetanee  may  be  eonaMered  aa  tha  moat 
natural. 

Vibrations  derived  from  tension  are  either  those  of  cords  or  musical 
strings,  or  those  of  membranes  :  but  the  vibrations  of  membranes  afford 
Uttle  variety,  and  have  not  hithi  rt  )  been  very  accurately  investigated,  the 
drum  being  almost  the  only  instrunteiiL  in  wiiich  they  arc  concerned  ;  Uiey 
do  not  however  appear  to  differ  materially  in  their  properties  from  the 
Tihtaiiona  of  atrings.  Amndeal  atring  or  eord  ia  aappoied  to  be  perfectly 
llaziUe^  andof  vnifoim  tliiclaMaB^  to  be  atretehed  between  two  fixed  pointa 
by  a  fbree  incomparably  greater  than  ita  own  weighty  and  to  vilmite  in  a 
dn^  plane  through  a  minute  space  on  each  side  of  ita  natural  poeitaon. 
Ita  motions  may  then  be  traced  through  all  their  stages,  by  comparing  the 
cord  to  a  portion  of  an  elastic  medium  of  the  same  length,  contnim>d 
between  two  bodies  capable  of  rtUcctini,'  ;iTiy  impulse  at  each  end  ;  for 
example,  to  a  ])ortiou  of  air  situated  between  two  walls,  or  inclosed  in  a 
pipe  stop^ii  d  :it  both  ends  ;  for  the  vibration  of  such  a  medium  will  be 
performed  in  tlie  time  occupied  by  any  iiupuli>e  in  travelling  through  twice 
its  length ;  and  the  Whralion  of  the  cord  will  be  peifonned  in  the  same 
tiai%  supposing  the  hiigfal  or  depth  of  the  medinm  eqval  to  the  length  of 
a  portion  of  the  ooid»  of  whidi  the  weight  ia  eiioivalent  to  the  force 
applied  to  atretch  i^  and  which  may  be  oaUad  with  propriety  th«  modalua 
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eff  the  tenaoD.  H  the  cord  be  al  ftnt  bent  into  s  figure  of  anj  kintl,  and 
Hun  Kt  at  liberty,  the  place  of  any  part  of  it  at  ereiy  sabaequent  time  wiU 

be  such,  that  it  will  always  l»e  in  a  ritrht  line  between  two  ]Kjints  moving 
along  tlie  figure  each  wav  with  the  appropriate  velocity:  but  in  order  to 
pursae  this  determination,  we  must  repeat  tht  iii:urc  of  the  cord  on  each 
side  of  the  fixed  points  in  au  inverted  position,  changing  the  ends  aa  well 
aa  the  sides.  Henee  it  appears  that^  at  the  end  of  a  single  yibr^on,  the 
whole  eotd  will  aaraine  a  muSHat  figmt  on  the  oppoeite  aide  of  ita  mtanl 
fiaooy  hot  in  an  faiverted  positimi,  and  aAer  a  oonplde  or  doable  vihialioay 
it  will  letorn  pveeiaely  to  the  form  whidi  it  had  in  tiie  beginning;  The 
tnith  of  this  result  is  easily  8hawn.by  inflecting  any  long  cord  near  one  of 
its  ends,  havini,'  finst  drawn  a  line  timler  its  natural  position,  and  it  will 
then  )ie  evident  that  the  cord  returns  in  each  ^ihration  nearly  to  the  point 
of  intiection,  and  passes  at  that  end,  but  to  a  much  shurter  dintance  on  the 
opposite  bide  of  the  line,  while  at  the  other  end  its  excursions  are  greatest 
on  tlie  opposite  side  of  the  line.  The  result  of  Uie  calcuhition  of  the  fre- 
quency Tihiation  agrees  alao  perfectly  vrith  experiment  nor  is  the 
eoineidenee  materially  affseted  by  the  inflexibility  or  daefoity  of  tiw 
slang,  hy  the  resislanoe  of  the  «r»  nor  by  the  slight  inenaae  of  the 
teunon  occasioned  by  the  elongaUim  of  the  string  when  it  is  inileeled ; 
thus,  if  the  weight  or  force  causing  the  tension  of  a  string  were  equal 
or  c<|nivalent  to  the  weight  of  200  feet  of  the  same  string,  that  if  the 
modulus  of  tension  were  200  feet  long,  the  velocity  correHpouiiiuL'^  to  li;df 
this  height  would  he  HO  feet  in  a  second  ;  and  every  impul>^^.  would  l>e  con- 
veyed with  this  velocity  from  one  end  of  the  string  to  tlic  other,  so  that  if 
the  string  were  1  foot  longy  if  wonld  vibtate  40  times  in  a  aeoond,  if  0 
inehei^aotimea^andif  itwere401SBetlonQ^onIyoneeinaeeeond.  HenocL 
it  ia  ohvioQs  that  the  time  of  vibration  of  any  oord  is  sunply  piopoitional 
to  the  length ;  and  this  may  he  shown  either  by  meana  of  such  yibtations 
as  ate  slow  enough  to  be  reclconed,  or  by  a  comparison  with  the  sounds  of 
plpef,  or  with  other  musical  sounds.  But  if  the  te?minn  of  a  cord  of 
given  length  were  changed,  it  would  require  to  be  V[u;iilru]>Ied  in  order  to 
double  the  frequency  of  vibration  ;  and  if  the  tension  and  length  it  uuiined 
unaltered,  and  the  weight  of  the  cord  were  caused  to  vary,  it  would  aiito 
be  necessary  to  make  the  weight  four  times  aa  great  in  <Hrder  to  ledaoe  the 
frequency  of  TibnUon  to  one  half. 

It  appears  tnm  the  mode  of  treeing  the  pregiess  of  a  vibntion,  wideh 
has  already  been  laid  down,  tiiat  every  oord  yibratee  in  the  esme  manner 
ae  if  it  were  a  part  of  a  longer  oold,  compoeed  of  any  nmnber  of  enofa 
cords,  continually  repeated  in  portions  alternately  inverted  ;  consequently 
if  a  long  cord  be  initially  divided  into  any  nuniln  r  nf  mch  equal  pfirtions, 
its  partes  will  lontimK  to  vibrate  in  the  sanie  mami  r  .is  if  they  were  sepa- 
rate cords  ;  the  jioints  of  division  only  remaining  always  at  re»t.  Such 
sabordinate  sounds  ai-e  called  Imrmonics :  they  are  often  produced  in  violins 
1^  lightly  tonehing  one  of  the  points  of  division  with  the  finger,  wiien  the 
bow  b  applied,  and  in  all  eoeh  caaee  it  may  be  shown,  by  putting  email 
feathen  or  pieces  of  .paper  on  the  string,  tliat  the  remaining  points  of 
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difiriov  are  abo  quiMoe&t^  while  the  intomning  porttons  an  in  molioii.* 
(Plate  XXV,  Fig.  843.) 
Theee  harmonic  sounda     alaorgeneraUy  heard  together  wifli  thefiind*> 

mental  sound  of  the  cord,  and  it  is,  therefore,  necessaij,  in  inch  bww,  tp 
consider  the  subordinate  vibrations  as  combined  with  a  general  one.  It  la 
not,  however,  lui'ivcrs^lly  true  that  the  fundamental  sound  mnst  always  be 
accompanied  hy  all  the  harmonics  of  whicli  the  cord  is  susceptible  ;  fnr  I 
have  found  tliat  Ly  inflecting  the  cord  exactly  at  any  point  in  ^vlul  li  tlie 
cord  might  be  divided  into  a  numWr  of  equal  parta,  and  then  su  fie  ring  it 
to  Tibrate,  we  lose  the  effett  of  the  corresponding  harmonic.  There  ia 
aome  diifimiUj  in  explaimng  the  leoaon  of  11m  diatinel  produdknef  theee 
Bonnda^  in  eaaea  where  the  theory  appeare  to  indicate  a  eiagle  and  eimpk 
Yihration  only ;  but  it  appeaia  to  he  meet  probaUe  tliat  fliey  nanally 
iMCtnne  audible  in  consequence  of  some  imperceptible  irregnlaritj  in  the 
Ibnn  or  weight  of  the  cord,  which  is  just  sufficient  to  derange  the  perfect 
coincidence  of  the  actual  motions  with  those  which  the  theory  indicates* 
withont  ]>rodticing  a  discordance  c?ipable  of  offending  the  ear.  Tliat  a 
coni  irregularly  loaded  may  have  tin'  n  lations  of  its  harmonics  disturbed, 
may  easily  be  under. -tond  ](y  cnnsi  lc  ring  the  effect  of  a  small  weight  placed 
at  one  of  the  points  of  division,  which  will  obviously  retard  tlie  principal 
Yibrakion,  withont  materially  affecting  that  of  the  pcotiona  terminated  by 
it.  An  abrupt  and  irregular  agitatbn  appeaia  alao  in  many  eeeee  to  make 
the  aeeondary  notea  more  andible^  wliiie  a  gradual  and  ddieate  impnlae^ 
like  that  of  the  wind  on  the  etringa  of  an  Aeolian  harp,  prodacea  a  aonnd 
almost  entirely  ftee  from  subordinate  harmonics. 

It  tksually  happens  that  the  yihration  of  a  eord  deviates  from  the  plane 
of  its  first  direction,  and  becomes  a  rotation  or  revolution,  which  may  be 
considered  a«  cnmposed  of  various  vibrations  in  different  j)lane8,  and  which 
is  often  exceedingly  complicated.  These  vibrations  may  Ijc  coinl  ined  in 
the  first  instance  in  a  manner  .similar  to  that  which  has  been  already  ex- 
plained respecting  the  vibratiouii  of  pendulums ;  and  if  tlie  motion  of  the 
eord  he  euppoeed  to  follow  the  eame  law  as  that  of  a  pendulum,  the  reeiiii 
of  two  entire  Tibiaftiona  thua  united,  may  Iw  either  a  vibtntton  in  an  intu>> 
mediate  direetion,  or  a  rerelntion  in  a  ciide  or  in  an  dlipaa.  But  beeidea 
theee  compound  Tibrationa  of  the  whole  eord.  It  ia  alao  frequently  agitated 
by  subordinate  vibratione,  which  eonalitnte  harmonic  notea  of  diffeeent 
Idnds,  so  tiiat  the  whole  effbct  becomes  very  intricate ;  as  we  may  observe 
by  a  microscopic  inspection  of  any  luminous  point  on  the  surface  of  the 
cord,  for  instnncc  the  reflection  of  a  candle  in  the  coil  of  a  fine  wire  wound 
round  it.  Tlie  velocity  of  the  motion  i.s  such  that  the  j)ath  of  the  lununous 
point  i.s  marked  by  a  line  of  light,  iu  the  same  manner  a.s  when  a  burning 
coal  is  whirled  round  ;  and  the  figures,  thus  described,  are  not  only  different 
at  different  partaof  the  eame  ehord,lmt  they  often  paea  thiiough  an  amusing 
variety  of  forma  during  the  progress  of  the  vibration ;  they  also  vary  con- 
siderably aooordlng  to  the  mode  in  which  that  vibration  ia  exdted*  (Plate 
XXV.  Fig.  344,  d45.) 

Hie  vibrations  immediately  dependent  on  elasticity  ara  those  of  rods, 

*  WsHis,  Op.  II.  466.   Saavear,  Hist,  et  MAn.  de  I'Acad.  1701. 
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platoi^  lii^  and  yeewli.  Tlun  adaut  of  aradi  gmter  Tarifllj,  and  a»a 

uf  more  difficult  inveBtigation  than  the  vibiadona  of  cords.  A  rod  vaaif 
Ijc  either  wholly  loose,  or  fixed  at  one  end  only,  or  at  both  ;  and  it  may 
either  be  loosely  fixed,  in  situation  only,  or  firmly  fixed,  in  direction  as 
well  as  in  situntion  ;  hhI  thene  cuncUtions  maybe  variously  combined  with 
each  other  ;  tlu  l  o  l  maj  ul.^  have  a  variety  uf  j>ec<)ndftry  vibrations  beudes 
tlie  principal  or  iuudamentai  sound.  All  the^e  cases  have  been  examined 
by  vuimu  nalhemilkiaiit:  tlio  aabjeci  was  bfgnn  bj  Duid  Btt«0ii]li»* 
and  mnoh  qrtandad  by  Bnlnvt  tome  of  whooe  oonclnnona  have  been  cor* 
vedodbyBioeati;!  and  CUadnifliMOompandtlMmaUirithexperimait. 
The  aonnda  piodnced  by  the  same  nd,  either  under  diflarani  eirean- 
ikmtm,  or  aa  hamoniee  whioh  may  be  heard  at  the  same  time,  are  scarcely 
ever  related  to  each  other  in  any  simple  propurtion,  except  that  when  a  rod 
is  loosely  fixed  at  both  endn,  the  fn'fptrnt  y  of  the  vibrations  of  tlie 
subordinate  notes  is  expre«»t;il  l  y  tlie  ueries  uf  the  squares  of  the 
natural  numbers,  as  1,  4,  9,  and  lt>.  But  Uie  times  occupied  by  any 
dbnilar  vibiationa  of  rod%  aimilarly  cnonmatanoed,  are  alwaye  diiwlly  aa 
the  eqnaree  of  their  kngiha,  and  inrenely  aa  their  dcfiihe.  When  the  rod 
ia  wholly  at  Ithevty,  two  at  leaal  of  ita  pomle  miiat  ba  at  not^  and  theia  an 
at  the  distanoa  of  aboat  one  fifth  of  its  length  from  dthor  end :  in  the  neott 
aound  of  the  same  rod,  the  middle  point  ia  at  rest,  widi  two  otiiarB  near  the 
ends.  There  is  by  no  means  the  same  rei,'ularity  in  the  progress  (»f  Uie 
vihmtiona  of  rods  of  different  kinds  ns  in  those  of  cords;  it  cati  ofily 
littppeu  in  particular  cases  that  the  rod  will  rettim  after  a  complete 
vibration  to  its  original  state,  and  these  cases  are  probably  such  as  seldom 
occur  in  nature.  ' 

The  Wbratione  of  platee  differ  &am  thooe  of  rode  in  the  lame  manner  aa 
the  Tibratione  off  membranee  difler  from  thoee  of  oorda,  the  Tibeatkoa 
whldi  eanee  the  pbte  to  band  in  dUferent  diiectiona  bamg  oombinod  with 
each  otiiar,  and  sometimes  occasioning  singular  modifications.  These  vi- 
brations may  be  traced  through  wonderful  varieties  by  Professor  Chladni'e 
method  of  strewinjr  dry  sand  on  the  plates,  which,  whon  tlioy  are  caused  to 
vibrate  by  the  operatii  n  of  ;i  how,  \^  coUected  into  such  hues  as  indicate 
those  parts,  wiiieii  reinaiu  titiicr  p». rftcily  or  very  nearly  at  rest  during,'  the 
vibrations.  Dr.  Uooke  |(  had  employed  a  similar  metlxud,  for  sliowiug  the 
■atuo  of  the  idbtatioiia  «f  a  ball,  and  it  haa  aoraetimea  been  naaal,  in  mili« 
toiy  minii^  to  alrew  aand  on  a  dnun,  and  to  judge,  by  the  fipem  in  which 
it  arrangea  ileall^  of  tho  qnavtar  firam  which  the  tiemon  iwoduced  by 
countermining  [  r  ceed.   (Plate  XXV.  Fig.  diS...8iB.) 

The  vibrations  of  rings  and  of  veuels  are  iMarly  connected  with  tfaoie  of 
are  modified  in  a  manner  which  haa  not  yet  bom  anf- 

*  Comm.  Petr.  iii.  62.    Nov.  Comm.  Petr.  xv.  xri.  257. 
t  Comm.  Petr.  vii.  99.  Nov.GoBUD.  Petr.  z.  243 }  zviL  381 ;  1780,  iv.  11.99. 
Acta  Petr.  iii.  1.  103. 

;  Mem.  deUa  Soc.  Ital.  i.  444. 

{  JBotdeckongen  iiber  die  Theorie  des  Klsngcs,  Leipz.  17B7.  ArU  Ac.  Eleet. 
Mo(^nt.  Erford.  179C.  Neoe  Sclirirti-n  dc-r  TV-rl.  Geaell.  1799.  Traill  d'Aooaa- 
titjue,  1809,  PI.  3. ..7.    Neue  Bi-ytra^e  xur  AkusUk,  1817. 

a  Bircfa'e  Uiek.  gf  the  Boy.  800.  iL  475. 
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fieUnHy  inTesiigated.  A  gkai^  or  %  bell,  dividee  in  general  into  fenr 
pfflrtioBS  vibniting  separately,  and  sometimes  into  aiz  or  eight ;  they  may 

readily  l>e  distinguished  by  means  of  the  agitations  excited  by  them  in  a 
fl\!i<1  contained  in  the  trla«*».  It  is  almost  unneccBsary  to  observe,  that  the 
iliiid  thus  applied,  i)y  adding  to  the  ma.sR  of  matter  to  be  moved, makes  the 
vibration  slower,  and  the  sound  more  pTJive, 

In  some  cases  the  vibrations  of  fluids  and  solids  are  jointly  concerned  in 
the  prodoetion  of  sound :  thus,  in  mosl  of  the  pipes  of  an  oigan  deiionu« 
natsd  feed  pipes,  the  length  of  a  tongne  of  metal  is  so  a<yvsted  as  to  bo 
capable  of  Tibxating  in  the  same  time  with  the  air  oontained  in  the  pipe. 
Sometimes,  howeTflr,  the  air  only  serfss  to  osoits  the  moUon  of  the  solid, 
as  in  some  other  organ  pipes,  whioh  are  nsnally  mudi  shorter  than  would 
be  required  for  producing  the  proper  note  alone,  and  probably  in  tlie 
glottis,  or  organ  of  the  voice  of  animals.  On  the  other  hand,  the  altemato 
openi»i{7  nnd  shutting  of  the  lips,  in  Mowing  tlie  trumpet  or  French  hnm, 
cm  sc  iK  rly  be  called  a  vibration,  and  tlie  pitch  of  the  sound  is  here  de- 
termined by  tlie  properties  of  the  air  in  the  pipe  only.  The  vibrations  of  a 
solid  may  he  excited  by  an  uiiduiiiUon  propagated  through  a  tluid  ;  thus, 
when  a  lond  sound  strikes  against  a  eord,  capable  of  Yifaratii^,  dthnr  ao- 
curately,  or  very  nearly,  wtfli  the  same  frequency,  it  causes  a  qrmpathetio 
toBS^  ressmUing  that  from  wUch  it  <n!|^nated ;  and  the  cord  may  pro* 
duee  such  a  sound  either  by  Tibiating  aa  a  whole^  or  Ij  dividing  itsdf  into 
any  number  of  equal  parts.  Thus,  if  the  damper  be  raised  firom  any  of  the 
strings  of  a  harpsichord,  it  may  be  made  to  vibrate,  by  striking  or  singiog 
any  note,  of  which  the  sound  corresponds  either  to  that  of  the  whole  striiij?, 
or  to  that  of  any  of  its  aliquot  parts.  Snnietiraes  also  two  cords  that  arc 
very  nearly  alike,  appear,  when  sounding  together,  to  produce  precisely 
the  same  note,  which  differs  a  little  from  each  of  those  which  the  c^rds 
would  produce  separately ;  and  a  similar  circumstance  has  been  oUserveil 
with  respect  to  two  oigan  pipes  pUoed  near  oadi  other.  In  these  oases  ths 
vibfating  substances  must  affiNt  each  other  throi^  the  medium  of  the  sir ; 
neai^y  in  the  same  manner  as  two  docks,  wUdi  rest  on  the  same  support^ 
have  been  found  to  modify  eadk  othei^s  motbn%  so  as  to  exhibit  a  perfect 
coincidence  in  all  of  them. 

It  is  uncertain  whether  any  fibres  in  the  ear  are  thus  ^mpathetically  agi- 
tat^<l  in  the  process  of  hearing,  but  if  there  are  any  such  vibrating  fibres, 
their  mofinns  niust  necessarily  be  of  short  duration,  otherwise  there  would 
be  a  perpetual  ringing  in  our  ears,  and  we  slionld  never  be  able  U)  judge 
accurately  of  the  termination  of  a  sound.  Besides,  a  sympathetic  vibration 
may  be  excited  not  only  by  a  sound  producing  vibrations  of  equal  fre- 
quency, bnt  also  by  a  sound,  of  wfaidi  oveiy  ahernate,  or  every  third  or 
fMirth  Tibnlion,  coinddea  with  its  motions;  it  would,  thsvefbre^  be 
dilRcolt  to  distliignlali  sneli  sounds  from  each  other,  if  hearing  depended 
simfily  on  the  excitation  of  sympathetic  idbrations.  It  is  true  that  we 
geneiaUy  distinguish,  in  listening  to  a  loud  and  deep  sound,  pvedsely  such 
notss  as  would  be  thus  produeeil ;  bnt  it  is  only  when  the  sounding  body 
is  capable  of  affonling  them  from  the  natuw  of  its  vibrations ;  for  we  may 
listen  for  them  in  vain  in  the  sound  of  a  bell  or  of  ft  bumming  top.  There 
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tf^  howercr,  no  doubt  thai  the  miuclea,  with  which  the  different  ptrte  oi 
tlie  car  arc  funa^hc«l,  are  concerned  in  accommodating  the  tension  of  some 
of  them  to  the  better  transmiiMion  of  sound  ;  uixl  It  is  etjuaily  certain  thai 
tlicir  nperation  is  not  absolutely  necesaarj'  in  the  jiroccs^. 

The  external  ear  serves  in  some  meaziure  for  cuUuctiiig  the  untiuiiiiions 
of  sounds  transmitted  through  the  air,  and  reflecting  them  into  the  auditory 
passage,  at  the  bottom  of  wMdi  they  etnke  against  the  memhiane  vi  the 
tympantun  or  dnun,  which,  heing  kiger  and  more  moTeable  than  some  of 
the  mbsequent  parts,  is  cepable  of  trananuttiDg  a  stnmgw  impulse  than 
they  would  immediately  receive.    In  the  same  manner  we  may  often  feel 
the  tremors  produced  in  a  sheet  of  thiek  paper,  held  in  the  hand,  by  tlie 
a£?^itation  of  the  air,  derived  from  a  h>ud  sound,  whidi  wmild  not  otherwise 
have  aUecteU  the  ortraii  ot  touch.    The  ini]»ulso  receiveU  hv  the  membrane 
of  tlio  tympanum  is  conveyed  by  the  haniimr  and  anvil,  two  buiall  bonai^ 
whkh  together  ooneiitate  a  kind  of  bent  lever,  through  a  third  minute  flat- 
tened bon^  to  a  fourth  called  the  etinrnm  which  serrce  merely  as  a  handie 
to  its  baetB^  a  plate  eoreiiiig  the  orifioe  of  a  carity  called  the  veetibulci^  and 
communicating  the  impulse  to  the  mucous  fluid  which  fills  this  cavity. 
The  fluid  of  the  vestibule,  tlms  agitated,  acts  immediately  on  the  termi* 
nations  of  the  nerves,  which  form  a  loose  membranous  tissne,  almost  float- 
in^r  i"  i^  while  anotlier  ]»ortion  of  them  is  distributed  on  the  sui-faee  of 
tliri  r  -semicircular  tul>ea  or  canals,  opening  at  both  euils  into  the  cavity, 
and  a  third  portion  supplies  the  cochlea,  a  detached  channel,  which  ap|>eait> 
to  be  arranged  with  singular  art  as  a  raicrometer  of  sound.  It  leoemUes 
the  ^ivil  conYolntimis  of  a  wobSI  shdl^  and  if  nnm^led,  wouU  conalHute 
two  long  conical  tubes  connected  at  their  summit^  the  base  of  one  opening 
into  the  veetibule,  Uiat  of  the  other  being  ooTered  by  a  membrane  only, 
wiiich  separates  the  fluid  from  the  air  contained  in  the  general  cavity  <^ 
the  ear,  or  the  tympanum.    It  is  evident  from  the  properties  of  flui<lg 
movini,'  in  conical  pijies,  that  the  velocity  of  any  impulse  affectinir  the  fluid 
at  the  base  of  the  cone  must  be  extremely  increasetl  at  its  vertex,  wiiile 
tlie  flexibihty  of  the  membrane  at  the  base  of  the  second  channel  allows 
this  motion  to  be  effected  without  difficulty.  It  has  also  basn  suppoaed 
that  a  series  of  fibres  are  arranged  along  the  ooehlea,  wluch  are  susceptible 
of  sympathetic  Ttbrationa  of  dillexent  frequency  according  to  the  nature  of 
the  eound  which  acts  on  them ;  and,  with  some  hmitation%  the  opioiott 
doce  not  appear  to  1^  wholly  improbable.  We  nmst,  however,  reason  with 
great  caution  respecting  the  functions  of  oxery  |»nrt  of  the  ear,  since  lis 
htnicture  varies  w  mnch  in  different  aniiuaLs,  tiiat  we  cannot  pronounce 
with  certainty  respecting  the  iudiapeiibable  necessity  of  any  uue  arrajij^e- 
ment  fur  Uie  i>erfection  of  the  sense.  And  even  in  the  case  of  the  human 
ear,  many  of  these  parts  may  be  spared  without  great  inconTsnience ;  tbni^ 
we  bear  veiy  pcrfBctly,  by  means  of  impreaMons  communicated  to  the 
teeth,  and  thxvugh  them  to  the  laige  bones  of  the  head ;  and  even  when  tlhs 
membrane  of  the  tympanum,  and  all  the  small  bones  of  the  ear  have  been 
destroyed  by  disease,  the  undulations  of  the  air  still  continue  to  afiieet  the 
oigan  in  the  usual  manner.*    (Plate  XXV.  Fig.  349.. .351.) 

*  Doa^as,  De  Awe  Humana,  4to,  Bonon*  1704. 
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Sodi  M  tlie  delicaejr  of  the  ofgaas  of  iMftriog  in  tiielr  petfect  ttaA^  that 
we  readily  distinguiBh  not  only  the  frequency  of  the  vibrations  of  a  sound, 
whether  constant  or  variable,  and  its  loudness  or  Boftneas,  but  also  the 
quality  of  inno,  depending;:  on  the  law  which  troverns  each  separate  vil)ra- 
tion,  and  which  constitutes  the  difference  hetwoon  in<»trmncnts  of  different 
kinds,  or  (iittt  rent  instnnnents  of  the  same  kind,  or  even  the  same  instru- 
ment differently  employed.  Thus,  we  can  distiaguhih  very  accurately  the 
voieea  of  our  friendai  eren  when  they  whisper,  and  thoee  modifications  of 
tho  aame  Toiee  which  oonatitnte  the  Tarious  Towela  and  semirowelBy  and 
which  with  the  initial  and  final  noiaea  denominated  eonaonanta^  compote 
the  words  of  a  langnag^c  We  judge  also^  without  an  error  of  many  degreefl» 
of  the  exact  direction  in  which  the  sound  approaches  us  ;  but  respecting 
the  nmnner  in  which  the  ear  is  enabled  to  make  this  dtseriminalion,  we 
cannot  reason  upon  any  satisCsctofy  grounds. 
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LECTURE  XXXIII. 


ON  HARMONICS. 

The  pluloBOphieal  tbeoiy  of  tuumonico,  or  of  the  combinations  of 
bouikIh,  was  consi(!eml  by  the  ancients  as  afTordinpr  one  of  the  most  refined 
employments  of  inatlieniatical  speculation  ;  nor  lias  it  been  ney:leetc<l  in 
modem  times,  ])ut  it  has  been  in  g^eneral  either  treated  in  a  very  abstruse 
and  coufuiied  mauuer,  or  coniiecteU  entirely  with  the  practice  of  music,  and 
habitually  associated  with  ideas  of  mere  amusement.  We  shall,  however, 
*  findthedifficultiosby  noineaiiftititap^nlil^aBdtheBiibjeetwiUa^ 
be  worthy  of  attention,  not  only  on  its  own  efOeonnl^  but  ako  for  the  aelce 
of  its  analogy  with  many  other  departmenta  of  acienee. 

It  sppeaia  both  from  theory  and  from  experience,  that  the  transmission 
of  one  sound  does  not  at  all  impede  the  passage  of  another  through  the 
same  medium.  The  "ear  Um  is  capable  of  distinguishiji'/,  without  difficulty, 
not  only  two  sounds  at  once,  but  als4i  a  much  greater  number.  'I'lie  mo- 
tions produced  by  one  series  of  undulations  beinj;  wholly  inditlerent  witli 
respect  tu  thu  cft'cct  of  anoUier  aeries,  and  each  particle  of  Uie  medium  being 
neeeaaarily  agitated  by  both  aouidi^  ita  nlliaaate  motioik  must  always  be 
the  reanlt  of  the  motiooa  whicli  would  have  been  prodnoed  in  U  by  the 
aqparate  eonnda^  oomUned  aeoofding  to  the  general  lawa  of  the  eomposition 
of  motion,  which  are  the  foundation  of  the  principal  doctrines  of  mechanics. 
When  the  two  sounds,  thus  propagated  together,  coincide  very  nearly  in 
direction,  the  motions  bclonginp;  to  each  sound  may  be  resolved  into  two 
parts,  the  one  in  the  common  or  intermediate  dlrectic  ii,  and  the  other 
transverst'  to  it ;  the  latter  portions  w  ill  oliviously  be  very  i?iii:dl ;  they  will 
sometimes  destroy  each  other,  aud  may  always  be  neglected  in  dcteruiiuing 
the  eflbet  of  the  comMnation,  ainoa  the  ear  ia  ineapable  of  diatiitgakhiug  a 
dilbrenoe  in  the  dlrectkna  of  aoonda  which  anioimte  to  a  veiy  ftw  digreee 
only.  Thufl,  when  two  eqnal  nndulations,  of  equal  frequency,  eoineide  in 
thia  manner,  and  when  tlie  particular  motions  are  directed  the  same  way 
at  the  aame  time,  the  velocitiea  in  each  diieotaon  are  added  together,  and 
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the  joint  efieet  is  doubled,  or  perhaps  quadrupled,  aiiuBQ'it  appean  that  the 
fltrength  of  aomkd  onulii  to  be  aatSsiatod  ham  the  sqoame  of  the  velocitiee 
of  the  piartidM :  hut  when  the  particular  motioiii  of  the  two  lomide  eo«n- 
tend  each  other,  both  their  efBecta  wholly  d^^yed.  Theee  oomhiii** 
tioDs  resemble  tlie  eft'e^  of  the  waves  of  water  in  similar  circumstanoei^ 
whicli  we  Imve  jilready  examined,  and  they  nmy  l»e  illustrated  by  drawing 
two  ciirvtd  lines  represeutinp  the  motions  whii  li  ronstitxito  the  ?nnnd8,  in 
the  same  laatuier  as  we  have  already  sujipowd  tln.ia  tu  l>e  describtni,  by  ^ 
vibrating  particle,  ou  a  surface  moving  uniformly  in  a  transverse  direction  ; 
theee  figures  being  placed  side  by  side,  the  joint  effect  may  be  represented 
by  a  third  cnrve  dnwn  ui  eodi  a  diieetion  ae  to  be  alwaye  in  Ae  middle 
between  the  oorreeponding  points  of  the  fint  two.  A  eimilar  resolt^  but 
still  more  strongly  marked,  may  be  obtuned  mechanically,  by  entting  two 
boards  or  plates  ef  any  kitid  into  the  form  of  the  cur\-es,  and  then  dividing 
one  of  them  into  a  numl»er  of  thin  pieces  or  sliders  by  lines  perpendicular 
to  the  <;eneral  direction  of  the  curve,  or  to  the  tuTrninution  of  the  plate 
wliich  is  parallel  to  it :  the  bott^vmof  these  sliders  being  then  placed  <>n  the 
other  curve,  their  general  outHne  will  represent  the  effect  of  the  combina- 
tion. We  may  assume  for  this  purpose  Hie  (orm  of  the  binnionic  curve, 
irtueh  represmts  the  motions  ui  a  hody  Ttbiating  like  a  pendulum,  and 
which  probably  agrees  vexy  nearly  with  the  purest  and  simpleet  sounds. 
(Plate  XXV.  FSg.  362.) 

If  the  two  undulations  differ  a  little  from  each  otiier  in  freqnen^,  they 
alternately  tend  to  destroy  i»ch  other,  and  to  aoqnire  a  double,  or  perhaps 
a  quadruple  force,  and  the  sound  <jradually  inrreases  and  diminishes  in 
continued  succession  at  equal  intervals.  Tins  intrnsion  nnd  remission  is 
called  a  beat,  and  furnishes  us  with  a  very  accurate  mo(ie  ot  determining 
the  proportional  frequency  of  tlie  vibrations,  when  the  absolute  frequency 
of  one  of  them  is  known,  or  the  abeolnte  frequency  of  both  when  their  pro- 
pottion  is  Imown ;  since  the  beale  are  neoally  dow  enough  to  be  reekoned, 
altfaoqgb  the  Tihr^ons  themselTes  can  never  be  distingidshcd.  Thus,  if  one 
eeond  oonsisted  of  100  %*ibrations  in  a  eeoond,  and  produced  with  another 
acuter  sound  a  single  beat  in  every  second,  it  is  obvious  that  the  second 
sound  must  consist  of  101  vi)  r  ifi  ms  in  a  second.  Again,  if  we  have  two 
portions  of  a  similar  cord  equally  stretched,  or  two  simple  pipes,  of  which 
tlie  lengths  are  in  the  proportion  of  lo  to  !(;,  they  will  produce  a  beat  in  16 
vUurations  of  the  longer  ;*  and  if  we  couui  tlit  number  of  beaUi  in  15  second», 
we  shall  find  the  number  of  Tihrations  in  a  single  second.  The  easiest  way 
of  proenring  two  eucb  etrings  or  pipes,  in  practice,  is  to  tune  them  by  a 
third,  80  that  they  may  be  reepeetiTely  4  and  4  of  ite  length ;  the  vibrations 
of  the  third  pipe  in  a  second  will  also  be  equal  to  the  number  of  beats  of  the 
first  two  in  12  seconds.   (Plate  XXV.  Fig.  363.) 

When  the  beats  of  two  sounds  are  too  £raquent  to  be  heard  as  distinct 

•  For  the  tines  of  performing  a  vibration  are  as  the  lengths  of  the  oordii  or  pipes, 
and  therefore  15  of  the  latter  correspond  to  16  of  the  former.  Now  an  interwl 
between  two  beats  is  that  interval  which  occurs  between  one  relaHve  ?tnt«  rf  rlip  two 
cwdifoir  pipes  and  the  ntnni  to  the  game  state.  Hence  thU  interval  u  tbat  due  to 
16  vibfmtioM  of  the  ihoffler,  or  IS  of  the  ha^. 
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wydi  recur  in  ivgnlsr  anoetnlon,  and  praduoe  »  mmieal  ntte,  which  hat 
beeatoomin&ted  »gimfa«niioiiic.  TlnM^  t«o  noiidi  ia  like  prcpoitian 

of  4  to  5»  produce,  wbeii  they  are  both  yeij  loir  or  grave,  aa  aodible  soo- 

cession  of  heats  ;  hwf  when  they  are  higher  or  more  acute,  a  prave  harmonic, 
which  may  Vp  ?icp;ii;it<  ly  di^inirnished  as  a  third  soiind  by  an  attentive  ear. 
TTiose  coniliinaticiiis  uf  suunds  which  produce  beats  distinctly  audible,  have 
in  general  a  Imniii  and  coarse  effect,  and  are  called  discords  ;  but  those  of 
which  the  yibraliaiio  m  m  vdated*  as  to  have  a  ooromon  period  allorftliBir 
■UomatioiMy  and  wUdi  may  be  obeeired  to  prodnee  a  third  oaand»  ooaali- 
tnto  conoorda,  which  tan  in  themedvei  the  mote  perfect  as  the  oenmon 
periods  aie  dwrtor.  (Plate  XXY.  F|g.  858.) 

The  natural  association  of  the  eeeondaij  aoondi^  vddoh  generally  no- 
company  almost  all  musical  notes,  ser\'es,  in  pome  measure,  as  a  foundation 
for  the  science  of  hamKmie«,  the  same  sounds  m  nre  tlius  frequently  con- 
nortpd  in  nature,  Immtil:  found  to  be  ncrreealjlp  \n  In  u  united  by  art.  But  it 
api»ear!j  to  depend  still  more  immediately  on  a  love  of  order,  and  a  predi- 
lection for  a  r^iular  veeomwoe  of  sensations,  primitively  impla.nted  in  the 
human  wSnL  Heno^  when  two  wnndB  am  heard  together,  those  propor- 
tions an  the  most  Htisbetoty  to  the  ear  whldi  eshiUt  a  reenrrenoe  of  a 
moie  or  less  peifeoi  ooincidBnee  at  the  diorteet  intervals,  expieewd  hy  Ibe 
smallest  numbers  of  the  separate  vibrations ;  for  though  we  cannot  im- 
mediately estimate  the  raapiitudeof  the  vibrations,  ypt  the  cT<'Tipr?il  effect  of 
a  regular  or  irregular  succession  necessarily  produces  the  nnj  it-ision  of 
sweetness  or  harshness.  The  same  sounds  hs  form  the  host  accompaniment 
for  each  other,  ai  e  also  in  general  the  most  agreeable  for  melodies,  consists 
ing  of  a  succebiiion  of  single  notes ;  their  inlervab  are^  however^  too  large 
to  be  sufficient  for  the  purpoeesof  nmsioyand  they  reqirire  to  be  mixed  wHh 
other  sonnda  which  an  nlated  to  them  in  a  manner  nearly  shnOar. 

The  f*«**>  oonstitniton  of  the  human  mind  which  fits  it  for  the  perecfrtlom 
of  liarmonv,  appears  also  to  be  the  cau^  of  the  love  of  rhythm,  or  of  a  re- 
gular succession  of  any  impressions  whatever,  at  equal  intervals  of  time. 
Even  the  attachment  to  the  persons  and  places  to  which  we  are  accustomed, 
and  to  habits  of  every  kind,  bears  a  considerable  resemblance  to  f  bo  same 
principle.  The  most  barbarous  nations  have  a  pleasure  in  dancing  ;  and 
in  thi8  cabe,  a  great  part  of  the  amusement)  aa  ftr  aa  aenUment  and  grace 
are  not  oonotmed,  is  derived  from  the  xeoorrenee  of  sensstions  and  aoltoae 
at  ngolar  periods  of  time.  Henoe  not  only  the  elementai7  parte  of  nnuie) 
or  the  eingle  notes,  an  move  pleasing  than  any  ifiegnlar  noise,  bnt  the 
whole  of  a  oomporiUon  is  governed  by  a  rhythm,  or  a  recurrence  of  ])er{ods 
of  greater  or  less  extent,  jrenerally  distinguished  T)y  bars,  which  are  also  the 
constituent  jiarts  of  larirer  periods,  and  are  tbernselves  mibdivided  into 
smaller.  An  interruption  of  the  rhythm  is  indeed  occasionally  intr<nluced, 
l)ut  nurely  for  the  sake  of  contrast ;  nearly  in  the  same  manner  as,  in  all 
modem  pieces  of  music,  discords  an  occasionally  vdxed  with  coneords,  in 
ordw  to  obtain  an  agreeable  variety  of  espreerion. 

In  a  simple  oompoaUion,  all  the  interrals  am  reflmed  to  a  single  ftmdar 
mental  or  key  note.  Thns,  any  ilr  which  can  be  played  on  a  trampel  or 
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on  a  bugle  ho^n,mu^t  t  onsiat  of  ilw  hai  monicji  of  a  sing^Ie  sound  only  :  and 
when  an  accompaniment  is  perforuied  by  a  French  horn,  the  leogUi  of  the 
uutroment  is  first  ai^uited  to  the  principil  B0liy  and  iB  ttt  mmU  wUeh 
hkt»fnAw^mi%mi9MiHnliiAmbutXmAm>  ButllMsoleB  oonitl- 
taXbag  tti  BUtl  aatiinl  aoale  ave  Bot»  withoat  maption,  eompnlwiiM 
among  tiba  kamonin ;  thay  ai%  howler,  all  iinmedialdy  Apendent  on  a 
smllar  relation.   A  sound  of  filMi  tka  Tihrations  are  of  equal  tgtqamBf 
mUb.  those  of  another,  is  called  a  unison  ;  if  two  vibrations  occur  for  every- 
one of  the  fundamentnl  iiotxs  the  t«>imfl  is  cjilled  its  superior  ortare,  hcinei' 
the  pTirhth  of  thoHC  which  are  commonly  considered  as  filiin:^  w\>  the  scale  ; 
and  on  account  of  its  tfreat  resemblauce  to  the  fundamental  note,  it  is  de- 
scribed by  the  same  letter  of  the  alphabet,  or  by  the  same  syllable  ;  so  that 
all  audible  Houudd  are  considered  as  repetitions  of  a  series  contained  within 
th*  inlarval  of  aa  oetava.  Om  IhM  pari  of  iha  Mag  or  pipe  gives  tha 
fiAh  abova  tha  octave ;  one  fonith  tha  double  oclaTe^  and  one  fiftti  of  the 
atring  ita  thinU  Thus  we  dMa  the  oenaum  atfoonl  or  chord,  er  the  har- 
monic triads  eoniriaiil^g  of  tlM  fdndanMntal  note,  with  its  third  and  fifth, 
tdlidi  produces  the  moat  perfect  harmony,  and  which  also  contalna  the 
constitu^t  jMirts  of  the  most  simple  and  natural  melodies.   But  we  are 
still  in  want  of  intermediate  steps  for  tlie  scale ;  these  are  stipplied  by 
completing  hrst,  the  triad  of  the  fifth,  which  irives  us  tlie  second,  and  the 
seventh,  of  which  9  and  16  vibrations  coi  jispund  respectively  to  8  of  the 
fundamental,  and  which  may  also  be  found  in  the  ascending  series  of 
natur^  harmonics ;  and  in  the.  second  place,  by  adding  the  fourth  and 
rixth  in  each  proportio&a  aa  wifli  ilia  oetaive  to  maka  up  anodiflr  paifect 
triad ;  tha  leapeetnre  nolea  eoaaMBig  «f  d  and  6  vibration^  wliilaihe  ftin- 
dameatai  note  makaa  8^  and  haing  no  whan  fooAd  among  the  natural  bar* 
monka.  The  caiplate  aeale  is,  therefote,  formed  by  these  harmonic  triada 
oontiguouB  to  and  connealed  with  each  other;  the  middle  one  beim;^  the 
triad  of  the  key  note,  the  superior  one  that  of  its  fifth,  which  is  sometimes 
called  the  dominant  or  governing'  note,  and  tlu*  inferior  one  that  of  tlie 
fourth,  or  suhdn'rninant.    This  ^^^;^1c  is  derived  trora  principles  so  simple, 
that  it  may  jn oj  .  ily  be  cuusidered  as  a  natural  arranirement,  atid  it 
appearb  to  be  lound  m  ith  little  variation  in  barbarous  as  well  hh  iit  civil* 
iaed  ooontries.   (Plate  XXV.  Fig.  ;3o4.) 

A  long  piece  weald,  liowaver,  be  tao  maootonoa^  nnkaa  the  Ainda* 
mental  note  were  aometlmaB  ehanged ;  we  may,  thcnfoie,  take  at  pleaaore 
one  of  the  anzUiaiy  triada  Inr  Ibe  prinetpal  liarmony,  and  we  may  oontinve 
the  modulation  or  progression,  until  every  note  of  the  aeale  becomes  in  aoe* 
cession  a  key  note.  But,  in  order  to  fill  np  the  intervals  of  these  several 
scales  in  just  proportion,  it  becomes  nece^arv  to  add  several  new  notes  to 
the  first  Heries  ;  for  instance,  if  we  take  the  seventh  for  n  key  note,  we  shall 
want  live  new  ^  iiin  ls  ;\  ithin  tlie  octave,  making  twelve  in  the  whole, 
which  is  the  number  usually  employed  iu  music.  The  interval  between 
any  two  adjoining  sounds  of  the  twelve  is  called  a  semitoue  or  half  note, 
two  aamltonea  making  a  tone  or  note;  tfaeaetermBai% however, aometimea 
empbyed  with  vaiiona  aabotdinaie  diathietSoaa  and  Ihnilatiooa,  The  fiTO 
additioBal  aonnda  have  no  aqianiAe  namaa^  but  they  are  denominaled  ftom 
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Um  neighbouring  BolM  on  eillMr  itde^  with  the  additlMi  ol  tiie  tarm  flhu^ 
or  ikt»  Meordiogl/  m  thqr  ue  «  Mmitona  hig^  or  lofrar  than  Hit  netai 
of  wliioh  fhej  bow  the  nemee. 

For  still  further  yariety,  we  eonctimes  change  the  place  of  Uie  middle 
note  of  each  triad,  placing  the  minor  third,  or  the  interval  expressed  hy  the 
ratio  of  r»  to  0,  bt'Iow  the  major,  which  is  in  the  ratio  of  4  to  A  :  an*!  the 
acale  thus  formed  is  called  the  scale  of  the  minor  mo<le,  in  contradx&tiucUtia 
to  th«  major,  the  three  priucipal  thirds  beinp:  dej)resscd  a  semitone.  Some- 
times, however,  the  alteration  is  made  in  the  third  of  tlie  key  note  only, 
especially  in  ascending,  iu  order  to  retain  the  iieveuth  of  the  nugor  scale, 
which  lee4s  lo  nofeuiBllj'  into  the  oetave,  as  to  be  eomeitinee  eallod  ^ 
ehanderiatie  ■emitoae  of  the  key ;  and  it  b  for  this  WMHon,  that  the  triadr 
in  which  it  is  found,  ia  oaOed  tho  aeeord  of  the  donbunti  wfaieh,  in  ill 
Ttgohx  oompoaitioni^  inunedietdj  pnotdm  the  tctminaAion  in  Iho  fc^ 
note. 

The  major  and  minor  triads,  with  the  discord  of  the  flat  seventh,  mar  he 
considered  as  constituting  the  foundation  of  all  essential  hRrmonies.  Th« 
flat  fii'venth  is  principally  iipcd  with  the  major  triad,  in  transitions  from 
tlie  fundamental  key  into  its  fourth,  to  which  that  seventh  naturally 
belongs  as  a  concor  i  ;  so  that  it  serves  to  introdu<»  the  new  key,  by 
strongly  marking  the  particular  note  in  which  it  differs  from  the  old  one ; 
and  in  aneh  eaaaa  the  flat  seventh  always  deacendi  into,  or  la  followed  bj, 
the  third  of  the  new  key,  and  the  third  of  the  font  triad  aacenda  into  the 
new  Icegr  note.  Other  disoorda  aie  alao  aometimea  introdneed,  bat  they  are 
in  genend  either  pftrtial  oontinnaliona  of  a  preeeding»  or  antidpalioae  of  a 
feUowing  aooord.  Two  different  porta  of  a  liamony  are  never  allowod,  in 
regular  and  seriona  oompositioni^  to  accompany  each  other  in  successive 
ortaves  or  fifths,  since  such  a  succession  is  found  to  produce  a  disairrieeable 
nionot<uiy  '  f  effect,  except  when  a  series  of  octaves  is  continued  for  aome 
time,  so  as  U)  be  considered  as  a  repetition  of  the  same  part. 

These  are  ahuo»t  the  only  principles  upon  u  liich  the  art  of  accompani- 
ment, as  well  as  the  general  theory  of  practical  music,  is  founded.  Many 
prolix  treatiaea  ha^e  been  written  on  the  anbject,  but  they  only  oonlain 
pariienlar  iUuatratiooa  of  the  application  of  theae  principles,  tog^her  with 
a  few  refinementa  npon  them.  The  art  of  compontion,  however,  depeoda 
mnch  more  on  a  good  taate,  fonned  by  habitoal  attention  to  the  bert 
modde,  and  aided,  perhaps,  by  some  little  natural  predisposition,  than 
upon  all  the  precepts  of  sci^(^  which  teach  us  only  how  to  avoid  what  is 
faulty,  withont  inetmoting  na  in  the  mode  of  attaining  wliat  ia  beaotifoi  or 

sublime. 

It  is  ii)i]Missilde  to  as«!srn  any  sucli  proportions  for  the  twelve  sounds 
thus  employed,  that  tluy  may  be  perfectly  appropriate  to  all  the  capacities 
in  i^iiich  they  are  used  ;  their  number  is,  therefore,  sometimes  considerably 
increaaed ;  and  in  aome  inatRunenta  they  may  be  varied  withont  limits  at 
the  petfomner'a  pleaaore,  aa  in  the  voiea^  in  inatromenta  with  linger  boardi^ 
and  in  aome  wind  faiatnunenta ;  bnt  in  many  caaea  tUa  ia  impra^cabK 
nor  could  any  imaginable  alteration  make  all  the  intervals  perfect,  unless 
every  note  were  varied,  whenever  we  retomed  to  it  by  atepe  di0erent  Iron 
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tl»o»e  hy  which  we  iiad  left  it.  The  simplest  mode  of  arrHiiging  the  twelve 
souncU,  is  to  divide  the  octave  into  twelve  equEd  intervals,  all  the  notes 
being  in  tibe  nme  proportion  to  tiiooe  wliidi  immediately  foUow  them : 
this  ie  celled  the  equal  tempenmenl^  beeeiue  the  impeifeotion  ie  eqnel  in 
all  keje.  In  tide  eyetem  of  temperament^  the  filthy  winch  condst  of 
jeren  ■emitonca,  are  a  little  too  flat,  thai  ie,  the  interval  is  a  litUe  too 
email;  the  minor  thinly,  consisting  of  three  eemitonea^  afe  also  too  flat, 
and  the  major  thirds  too  sharp.  But  it  has  generally  been  esteemed  1)cst 
to  prescn  c  some  keys  more  free  from  error ;  })artly  for  variety,  and  partly 
beeatihc  •-<>!iu'  are  more  fre(|uently  \ised  than  otliers  :  this  cannot,  however, 
be  done  ^\  ith out  making  some  of  the  .scales  more  imperfect  than  in  the  e<]ual 
temperumeut.  A  good  practical  mode  uf  performing  it,  i^i  to  make  uix 
perfect  fifths,  in  de^nding  from  the  key  note  of  the  natural  scale,  and 
siaB  ascending  flfths  equally  imperfect  among  themselree.  We  thus  retain 
a  slight  imperfection  in  tlie  sealee  moet  oommonl j  need,  and  make  the  k^s 
which  are  most  remote  from  them  oonaiderably  Icm  perfect.  Another 
method,  which  is  perhaps  somewhat  more  ea^y  execated^  is  to  make  the 
fifth  and  third  of  the  natural  scale  perfectly  correct^  to  int«rpoee  between 
their  octaves,  the  second  and  sixth,  so  as  to  make  three  fifths  equally  tem- 
pered, and  to  descend  from  the  key  note  hy  seven  perfect  fifths,  which  vvill 
complete  the  scale.  Any  *>f  tluvse  modes  of  tenipernnn'tit  may  be  actually 
executed,  either  hy  the  estimation  of  a  good  ear,  or,  still  more  accnrnt*  ly, 
by  counting  the  frequency  of  the  beatfl  which  the  notes  make  with  each 
other.* 

For  denollng  preeisdy  the  absolnte  as  welt  aa  the  rebtive  freqnency  of 
the  sounds  of  the  Afferent  octaves,  we  employ  the  lint  seven  letters  of  the 
alphabet ;  A  being  the  key  note  of  the  minor  mode,  in  the  ecsle  of  natural 

notes,  and  C  of  the  major.  Tlie  peenliar  characters  used  in  music  are 
generally  dispoeed  on  five  or  more  lines,  witli  their  interrening  epaoea^ 
each  implying  a  separate  step  in  the  scale,  setting  out  from  any  line  at 
pleasure,  which  is  marked  with  an  ill  formed  G,  a  C,  or  an  F :  a  sharp  or 
a  flat  implying  that  ail  tlir  notes  written  on  the  line,  or  in  tlie  space, 
to  which  it  belongs,  are  to  I  f  l  ai^ed  or  depressed  a  semitone,  and  a  natural 
restoring  the  note  to  its  origuial  value,  i  he  actual  frequency  of  the  vibra- 
tion of  any  note,  according  to  the  pitch  most  usuaUy  employed,  may  be 
fonnd,  if  we  recollect  to  oill  a  noise^  zecniring  eveiy  second^  the  first 
then  tiie  C  denoted  by  the  mark  of  the  tenor  cliff  will  be  the  ninth,  con- 
sisting of  206  vihmtions  In  a  sseond.  The  fifth,  oonsisthig  of  sixteen 
vibraUoDS,  will  be  nearly  the  lowest  audible  note,  and  the  fourteenth  the 
highest  note  used  in  music,  but  the  sixteenth,  consisting  of  above  30,000 
▼ibrations  in  a  second,  may  perhaps  be  an  nudihle  wiunrl.  The  frequency 
of  the  vibrations  of  the  other  notes  may  easily  he  cjtlnjlnted  from  the 
known  relations  which  they  bear  to  the  note  thus  determined.  (Plate 
XXV.  Fig.  356.) 

*  Consolt  Marpurg's  Anfai»g!*Kriindc  der  Thcorctisclien  Musik.  4to,  Leipi.  1757. 
Venach  tiber  die  T«miperatur,  Bresl.  1 77G.  CavaUo,  Pb.  Tr.  1 788,  p.  238.  Robi- 
•ob's  Meeb.  Fba. 
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LECTURE  XXXIV. 


ON  MUSICAC  INSTRUMEVTS. 

Thb  lippliealioii  ol  tha  Htmry  of  hannoiiui  to  pnelioe  dciMiidi  on  the 

construction  of  musical  inrtniSMllti  of  different  kinds  :  of  these  we  shall 
only  1)0  able  to  take  a  cursory  view,  and  we  shall  afterwards  attend  to  the 
historical  onlor  of  the  most  remarkable  steps,  by  whicli  both  the  theory  and 
practice  ot  nuisic  have  Ixcii  advnne*^*!  to  a  hiy'h  dpirrec  of  rcftuemcnt. 

Musical  instruments  may  l>e  most  conveniently  arranged,  accordingly  as 
they  are  principally  calculated  for  exciting  sound  by  the  vibrations  of 
oordfly  of  niNnlnaneB,  of  elaalie  plates,  or  of  the  air ;  or  by  tlie  joint  efieeta 
of  the  air  and  a  solid  body  Tibrating  together.  The  eseential  tariotiee  of 
stringed  instmmenta  are  found  in  the  hvp^  ilie  haipsicihord,  the  pianoforte* 
the  <la?iflhonI»  the  guitar,  the  Thdin,  the  vieile  or  suuMdiord»  and  the 
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mMukhuf,  Itt  aUtibwi^  the  ImmiNliiti  force  of  ttwiqiMdcl  tfa>atring» 

it  imiiwiwil  by  vwans  of  s  imuidllig  board,  which  appears  to  be  agitated  hy 
their  motion^  and  to  uiet  mon  powcarfalljr  on  ihe  air  than  Uie  atrings  ooold 

do  alone. 

In  the  harp,  the  sound  is  produced  by  inflocting  the  string  with  the  finger, 
and  sufFerintr  it  to  return  to  its  place.  The  lyre  of  the  ancients  dittrred 
from  tilt  li;irp  only  in  its  form  and  compass,  except  that  the  peiiurmer 
sometimes  used  a  plectrum,  which  was  a  Bmall  instrumeut,  made  of  ivory, 
or  aome  other  aobatatio^  for  stDkiiig  tha  •tonga.  Each  note  in  the  harp 
haa  a  separata  itring ;  and  in  the  Welsh  harp  thm  ara  two  rtringa  to  eaeh 
Bo|a  of  the  priaeipal  aeala,  with  an  intamiedialaimrfnr  the  awutanaa ;  bnt 
in  the  pedal  havp^  tlia  balf  notoi  axt  limned  hj  pressing  pina  againat  tlia 
atiings^  so  as  to  shorten  tfam  elbetiTa  length.  Instead  <d  this  method,  an 
attempt  has  lately  been  made  to  produce  the  semitones  by  changing  the 
tension  of  the  strings,  which  is  said  to  hare  succeeded  tolerably  well^  ai« 
though  it  appears  at  first  sight  soTiiewhat  unprumi^iing. 

In  the  harpsichord,  and  iu  the  Hpiuet,  which  m  a  small  Imrptiichord,  the 
♦luill  acts  like  tJie  finger  in  the  harp,  or  the  plectrum  in  the  lyre,  and  it  is 
hxed  to  the  jack  by  a  joint  with  a  Hpriiig,  allowing  it  without  diibculty  to 
rqia«  the  etving,  which  is  here  of  raetaL  SomeUmae  leather  la  need  initead 
of  quiUa;  and  thia  unrea  to  make  the  tone nion  meUoWybni  leas  poweifiil. 
Beildia  two  atringa  in  nniaon,  for  each  note».tii6  barpeidioid  haa  genctaHy 
a  third  wliiahia  an  oetaTo  above  them.  IKfittaafc  modtiMSonaof  thatooa 
are  sometimes  produced  by  striking  the  wire  iu  difiPerent  parts,  by  hslBging 
aoft  leather  loosely  into  oontaet  with  its  fixed  exU-emity,  and  by  some  other 
means.  When  the  finger  is  removed  from  the  key,  a  damper  of  cloth  falls 
on  the  string,  and  destroys  its  motion.  In  all  instruments  of  this  kind,  the 
perfection  f»f  the  tone  deju  iKis  nnu-h  on  the  construction  and  situaUon  uf 
the  sijuiuiuig  board  :  it  is  uhuuliy  made  of  thin  deal  wood,  strengthened  at 
different  parts  by  Uiicker  piece«i  fixed  below  it. 

In  the  pianoforta,  the  aonnd  ia  pvodneed  by  a  Uow  of  a  hammer,  raised 
by  a  lenr,  whieh  ia  aa  mnok  detached  from  it  as  poaBiUa.  The  dnldmer, 
or  haekbzett  of  the  Germane,  ia  also  made  to  aound  hf  the  pcrennion  of 
hamrnan^  bat  they  are  aimply  held  ia  tiia  hand  of  the  parfonnar* 

The  clavichord,  the  clavier  of  the  Germans,  differs  from  other  keyed 
instruments  in  the  manner  in  which  the  length  of  the  string  is  determined ; 
it  is  attached  at  one  entl  to  a  bridge,  and  at  the  other  to  a  pin  or  screw  as 
nsnal ;  hut  theeffertivr  length  is  tcrmlTintrH  on  one  side  by  the  ^ridgc,  and 
on  the  other  by  a  Mat  wire  projecting  from  tlie  end  of  the  key,  w  hich  strikes 
the  string,  and  at  the  same  time  serves  as  a  temporary  bridge  as  long  as  the 
sound  continues :  the  remaining  portion  of  the  string  is  prevent^  from 
aonnding  by  being  in  contact  with  a  atr^  of  doth,  which  alao  atopa  tha 
whak  vShralion  aaaoon  aa  the  hammer  ialla.  Tha  inatnuaeat  is  capable  of 
great  daUaacy  and  naalnam  of  aapveieioii,  bat  it  ia  dafioiant  in  ftaroei.  Tha 
guitar  ia  gmraUy  played  with  the  fingan^  Uke  a  harp  ;  bnt  eaeh  atring  ia 
made  to  serve  for  several  notes,  by  naana  of  frets,  or  cro»  wires,  fixed  to 
the  finger  1)oard,  on  which  it  is  pressed  down  by  the  other  hand.  But  in 
the  pianoforte  guitar,  hammers  an  interposed  between  the  hngers  and  the 
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■kriDgi^  Mting  liketlMMe  of  the  piandbrte.  Tlie  maadolino  and  lute  are 
species  of  the  guitar :  and  the  arch  lute  was  a  very  powMliil  iaMtnuneni  of 

the  same  kind,  formerly  nnirli  un^d  in  full  pieces. 

In  the  violin,  and  in  other  itistrunients  rcsemhling  it,  all  the  stvi til's  are 
capable  of  liavinf;  their  length  altered  at  pleasure,  hy  heiiii:  presjjsed  dovrn 
on  the  finger  board.    The  sound  is  produced  by  the  friction  of  the  bow, 
robbed  with  resin :  the  string  is  carried  forwards  by  its  adhesion  to  tlM 
bow,  and  when  its  nrfataaeeliaa  ovtvooiiittliuadlieao^it 
in  oppodtion  to  tfa«  frictitti ;  for  tfia  ftietion  of  bodin  in  motion  is  gow- 
tbUj  lest  than  ih«ir  adhesion  when  they  ace  at  leet  with  reepeet  to  eack 
other,  bendee  that  the  contact  of  the  atring  with  the  bow  is  usually  in  great 
measure  interrupted  by  subordinate  vibratioil% which  may  he  distinguisheid, 
by  the  assistance  of  a  microscope,  in  the  manner  already  described  ;  but 
when  the  string  changes  once  m«»rp  the  direction  of  its  motion,  it  ft<iherea 
again  to  the  how,  and  is  acceleraied  by  it  as  before.    The  ori^nal  instm- 
mcnt  appears  to  have  been  the  viola  or  tenor,  its  diminutive  the  violino,  its 
intensitive,  expressing  a  greater  bulk,  the  violone  or  double  bass,  and  the 
diminutive  of  this,  the  violoncello,  or  common  l>a8B.   The  viola  di  gamba 
had  one  or  more  long  strings  separate  firom  the  finger  board,  serving  as  an 
oeoasional  aoo(nnpanim^t« 

.  The  TidU^  or  monoehoard,  eoounonly  celled  the  bnrdy  gnidy»  has  Mi 
which  are  raised  by  the  action  of  the  fingers  on  a  row  of  keys ;  and  iiist^4 
of  a  bow,  the  string  is  made  to  vibrate  by  the  motion  of  a  wooden  wlieei: 

there  is  a  second  string  serving  as  a  drone,  producing  always  the  same 
souud  ;  this  is  furnished  with  «  bridge  loosely  fixed,  which  strikes  continu- 
ally against  the  sounding  board,  and  produces  a  peculiar  nasal  effect.  The 
trumpet  marine,  or  trumpet  Marigni,  was  a  string  of  thi  samr  kin  1,  nliirh 
was  liglitly  touched  at  proper  poiuUi,  6o  as  to  produce  harmouic  notes  only ; 
it  was  impelled  by  a  bow.  The  aeolian  harp,  when  agitated  by  ttie  wind, 
afibrds  a  ?ery  smooth  and  delieate  tone,  frequently  changing  from  «ne  to 
another  of  lite  harmonios  of  the  string,  aoeorduigly  as  the  ibroe  of  the  wind 
▼Biies^  and  m  it  aots  more  or  less  nneqvaUj  on  d^rsnt  parts  of  Hie  string. 
(Plate  XXV.  Fig.  356.) 

The  human  voice  depends  prindpally  on  the  vibrations  of  the  mem- 
branes of  tlie  glottis,  excited  by  a  curront  of  air,  which  they  alternately 
interce]>t  and  suffer  to  ]niss  ;  the  sounds  being  also  modified  in  their  sub- 
sequent progres'^  tlir  niLili  the  mouth.  Perhajis  the  interception  of  the  air 
by  these  membrautb  is  only  partial ;  or  it  may  be  more  or  less  touipkuly 
intercepted  iu  sounds  of  different  kinds :  the  operation  of  tlie  organs  con- 
cerned is  not  indeed  perfectly  understood,  but  from  a  knowledge  of  tbsir 
stmetun^  we  may  judge  in  some  measure  of  the  manner  in  wbisii  thqr  are 
employed. 

The  tradiea,  or  windpipe^  oonv^  the  aur  from  iiie  chest,  which  asms 

for  bellows :  hence,  it  enters  the  larynx,  which  is  principally  compoeed  ef 
fiva  elastic  cartilages.  The  lowest  of  these  is  the  cricoid  cartilage,  a  strong 
ring,  which  forms  the  basis  of  the  rest  :  to  this  are  fixe<l,  before,  tlie  thy- 
reoid cai-tilage,  and  behind,  the  two  arytiienoid  cartilages,  composing 
together  the  cavity  of  the  glottis,  over  which  the  epiglottis  inclines  back- 
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wards,  as  it  aacenda  from  its  origin  at  the  upper  part  of  the  thyreoid  cartilage, 
'Wilfabi  tile  glottii  an  extended  its  ligaments,  contiguous  to  each  other 
befim,  when  tliej  an  inaertad  into  the  thynoid  eartilage^  bnt  capable  of 
direigiiig  eoBiidenlilj  beluiid  wheneffir  the  aiytaenoid  earlSagea  e^ante. 
These  ligaments,  as  they  vtry  their  tenaion,  in  oonseqnenee  of  the  motions 
af  the  aiytaenoid  cartilages,  are  misoeptibk  of  ^brations  of  various  fre- 
^pMney,  and  as  they  vibrate,  produce  a  continuous  sound.  Properly  speak- 
ing,  there  are  two  Hp^aments  on  each  side ;  but  it  is  not  fully  understood 
hnv,'  they  i  pri  ute;  ])rohably  one  pair  only  performs  the  vibrations,  and  the 
other  assist.H,  by  nieauH  of  tlie  little  cavity  interposed,  in  enabling'  the  air  to 
act  readily  on  them,  and  iu  commuuicaiing  tlie  vibrationB  again  to  the  air. 
(PUte  XXVI.  Fig.  357,  368.) 

The  vowds  and  aemlTOwda  are  eontibiiunu  eounds,  chiefly  farmed  by 
lltfe  apparatva  in  tlia  glottis^  and  modiAed  ettlier  in  tfaeir  oi%i]i  m  in  tiufar 
pffognee  by  the  varioiia  aiTaageaienta  of  tiha  diffnrant  paiia  of  the  numtlu 
Of  aimple  vowels  sixteen  or  eighteen  may  be  enumerated  in  diflbnnt  ]aa> 
gnages :  in  the  French  nasal  vowels  the  sound  is  in  part  transmitted 
tiuough  the  nostrils,  by  means  of  the  depression  of  the  soft  palate :  the 
perfect  peniivowels  differ  from  the  vowels  only  in  the  q;rpater  resistance 

liii  li  thi'  air  underc^oes  in  its  passage  through  the  month  ;  there  are  also 
aii<l  >eminasal  seniivuwels.  The  j>erfect  consonant.^  may  be  either 
explosive,  hu.suriiint,  or  mute;  the  explosive  consonajits  begin  or  end 
with  a  sound  formed  in  the  larynx,  the  others  are  either  whispers,  or  mere 
noises,  withottt  any  vooal  aonnd.  By  attending  to  the  varioaa  porftiona 
of  the  oigan,  and  by  making  experimente  on  tiie  eflbeta  of  pipee  of  dif- 
hmai  temoa,  it  ia  poeeible  to  oonitniet  a  machfaa  whioh  eliall  imitate  Tely 
aeeoialaly  many  of  the  eonnda  of  the  human  voice ;  and  this  has  indeed 
been  actually  performed  by  Kntaenalein*  and  by  Kampeiout  (Flata 
XXVI.  Fig.  369.) 

Although  the  viT^rnting  ligament'?  of  the  glottin  may  be  anatomically 
denominated  miMiil  raues,  yet  their  tension  is  probably  confined  to  the 
direction  of  their  length,  and  their  action  is,  therefore,  the  same  with  that 
of  a  simple  string  or  cord.  But  iu  the  case  of  a  tambourine  and  a  drum, 
the  membrane  i»  stretched  iu  every  direction,  and  the  force  of  tension  con- 
ae^ently  aete  in  a  dilfennt  manner.  Tbe  prindpal  ebancter  of  each  in* 
atnimentaia  Ibairloadneee,  derived  tnm  the  magnitndaof  the  entfiwe  wbieli 
afcribee  the  air,  and  the  abort  dnration  of  the  aonnd,  on  aoaoontof  the  gnat 
resistance  neeeeeaffly  produced  by  the  ait^e  reaction. 

Mmieal  instruments  which  produce  sounds,  by  means  of  vibrations  de» 
pending  on  the  elasticity  of  solid  bodies,  are  less  frequently  employed  than 
others  ;  they  have  a  peculiar  character  of  tone,  which  is  by  no  means  un- 
jjleasant,  but  which  venders  them  less  fit  to  be  mixed  with  otlier  instru- 
ments, since  their  htcondary  harmonics  are  in  different  proportions.  Such 
is  the  stacada,  a  scries  of  cylinders  of  glas%  or  of  metal,  struck  eiUier  im- 

♦  Journal  de  Physique,  x\i.  358.    Acta  Petr.  1780,  iv.  II.  H.  16. 
t  Ueber  den  MechaniMnm  der  Menscblichen  Sprache,  Vieona,  1791.    On  this 
tnliject  eonsnlt  Willie,  Tlraai.  Cemb.  ¥UL  8oe.  liL  231.  Phrki^on  the  Fbyeio* 
of  Speech,  Cmatm,  1836. 
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ibe  tymhtl,  and  tlie  btlL  Belb  and  other  similar  inatmsMBla  we  usually 
made  of  a  mixture  of  copper  and  tin,  with  » liUle  brass  or  saatB,  friiich  is 

more  highly  elastic  than  either  of  the  component  part^*  taken  separately. 
The  harmonica  consists  of  a  serip^  i.f  vrssel*^  of  k1'*»'*'S  either  placed  side  by 
side,  or  fixed  on  a  coiuiii<»n  axis,  an  i  ni,i-lt  to  »>uuud  bv  the  friction  of  the 
hugtir^^  aiid  sometimes  by  tiiat  of  niljlicrs  of  cork.  The  Yibraiioiia  of  an 
elastic  pl^,  agiuted  by  a  current  of  air,  which  it  continually  admits  and 
•xdndfli^  ooiutitate  tiie  aoond  of  tlia  nvx  hintaa  aad  regal  organ  pipers 
werniMhig  the  hvnuui  voice  m  mudi  in  fbelr  efleete  m  hi  the  neehiiiiiaB 
en  wUch  they  depend,  (Fbte  XXVL  Fig. 

Of  rimple  wind  instroments,  in  which  the  quality  of  the  sound  il  deter- 
mined by  the  vibrations  of  the  air,  the  principal  are  the  syrinx,  the  flute, 
tbp  flageolet,  the  diujui'^on  oriraii  pipe,  whether  oiH>n,  stopped,  or  with  a 
thminey,  the  hummm;;  top,  and  the  cavity  of  liie  mouth  in  whistling,  or 
in  play int?  ou  the  Jew's  harp.  The  pipai  of  the  syrinx  aro  adjusted  to  their 
respective  notes  by  cutting  them,  or  filling  tliem  up,  until  they  are  reduced 
to  «  proper  length ;  and  the  effeetive  length  of  the  Ante  and  flageolel  ie 
altered  at  pleeiore  openhig  or  dinttiag  the  helee  made  at  proper  dio> 
tenoeeinthem;  the  openmg  a  hole  at  any  part  hamg  the  eaneeObetae 
if  tiie  pipiB  were  ont  nff  a  little  beyond  and  Uie  elevation  of  the  tone  being 
somewhat  greater  as  the  hole  is  larger.  The  instruments  differ  Uttlo  etKoe|ii 
in  the  mechanism  by  which  the  hreath  i-*  fli rectal  in  such  a  manner  as  to 
excite  a  sound  ;  and  the  flaj,'eolet,  when  furnihhed  with  bellowji,  beconn»s  a 
bagpipe.  The  tont^nie  nf  the  Jew's  harp  is  an  elastic  plate,  liut  the  sound, 
which  it  imm(;diutely  produces,  tierves  only  as  a  druiie  ;  its  vibration,  how- 
ever, appears  to  act  like  the  motion  of  the  bow  ef  a  vielm  in  exditiag 
anellier  aoond :  thia  eoond»  although  £efait»  ia  etUl  eofteiontly  nuHieal,  and 
appeara  to  be  determined  by  the  magnitode  of  the  carity  of  the  montl^ 
nearly  in  the  iBme  manner  as  that  of  the  hnnaning  top,  or  as  the  sound  of 
the  same  cavity  produced  in  whistlinir,  by  a  current  of  air  which  ia  foroed 
through  it.   (Plate  X X  VL  1  ig.  :M'>*^.  :^«?7. ) 

Tn  iinvod  wind  instruments,  the  vibrations  or  alternations  of  mVid  bodies 
are  made  to  cooperate  with  the  vibrations  of  a  given  ]>ortion  of  air.  Thus, 
in  the  trum})ct,  and  in  horns  of  various  kinds,  Uie  force  of  inflaUon,  and 
perhaps  the  degree  of  tension  of  the  lipe,  detcKmiaea  the  nnmber  of  parte 
into  which  tbn  tnbe  la  divided,  and  the  harmonic  which  iaprDduoed,  In 
the  eerpenty  thoBpe  cooperate  with  a  tnbe,  of  which  the  efieotive  loigth  may 
be  varied  by  opening  or  ahntting  holm^aiid  tha  instrument  which  has  been 
called  an  mga^ned  trumpet  appears  to  act  in  a  similar  manner ;  the  trom- 
bone has  a  tube  which  slides  in  and  out  at  plenMure,  and  rlmnfre*^  tho  actual 
length  of  thf  whole  iTi^tnnncnt.  The  iiauti»oy  and  ( larinet  iiavc  mouth- 
pieces of  difT(  I  f  lit  foi  ins,  made  of  reeds  or  caues  ;  and  the  reed  pipes  of  an 
organ,  of  vai  itjus  constructions,  are  furnished  with  an  elastic  plate  of  metal, 
which  vibratcii  in  unison  with  the  cdnmn  of  air  that  they  contain.  An 
organ  generally  consieta  of  a  nnmbtf  of  dllfbrent  eerlee  of  each  pipee^  eo 
antnged,  thai  by  meana  of  regiatem  the  air  proceeding  Ikmn  the  bellowa 
may  be  admitted  to  eapply  eadi  eeriei^or  excluded  from  H^at  ptoaeui^ and 
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a  vilve  is^pcBMlyWlMn  the  pioper  kty  biooelMd^wUdictiueBanthe  pipes 
Miwigiag'  to  fbe  iiate^  in  tkoM  aariM  of  whick  tiia  ngitteci  qwa,  to 
■QBud  at  once.  ThiM  piptt  9en  wA  unilj  such  as  are  in  unison,  but  fre- 
qiloillj  also  one  or  mon  aetoVM  above  and  below  the  principal  note,  and 

sometimes  a,h>>  twelfths  and  seventeenths,  imitating  the  series  of  natural 
ImrTiifunics.  But  these  subordinate  souuils  ought  to  he  eoini^aratively  faint, 
otherwise  their  irregular  interference  would  often  uiia&ioii  au  iiUuK  i  iMe 
di^word,  Instead  uf  the  grand  and  suhliiue  eili^t  which  thiti  Lutitrumeni  is 
capable  of  producing,  when  it  is  jadiokiaaly  eonefanieled  aad  skilfully 
emplo/ed.  (Plate  XXVL  FSg.  368.) 

Ilie  piaotlse  of  miuic  appean  to  be  of  eaiUor  a^ffm  tba&  eltfaer  its 
l^tmj^  or  say  attention  to  the  nature  and  general  phaMmsna  of  aoawL 
Hie  fiist  Ijre,  with  three  strings,  ie  said  t<^>  have  been  invented  in  Ei^^^pt 
by  Hermes,  under  O.siris,  between  the  years  1H(K)  and  160(>  before  Christ 
but  a  tradition  '^o  rftnnt+',  mTjcerniri'^''  a  personage  90  enveloj>ed  in  fable, 
can  scarcely  be  consi<iere<i  iia  constituiing  historical  exidcnce  :  we  cannot, 
therefore,  expect  tu  ascertun  with  any  certainty  the  proportions  of  thet>c 
strings  to  each  other ;  some  suppose  that  they  were  successive  notes  of  the 
aattifsl  soale,  ollien  tlukt  they  contained  the  laest  perfect  eoneeidej 
perhaps  in  leality  eadi  pezfoBBer  adjusted  them  in  the  manner  which  best 
snitod  his  o(wn  £mi^.  The  trumpet  is  eaid  to  have  been  employed  about  the 
same  time  ;  its  natiu'al  harmonics  might  easily  have  fimished  notes  for  the 
extension  of  the  scale  of  the  lyre,  but  it  does  not  appear  that  the  ancients 
ever  adopt<»d  this  method  of  regulating  the  scale.  The  lyre  with  seven 
strings  is  attributed  to  Terpander,t  about  7^)0  years  before  our  era,  and 
two  centuries  afterwards,  either  Pythagoras,  or  Simonides,  completed  the 
octave,  which  consisted  of  intervals  difieriug  ver^'  iiLtie  from  the  modem 
soals^  the  key  note  batog  needy  in  fha  middle  of  the  series.^  In  snboe- 
qnent  times  the  number  of  the  strings  was  mueh  jnewaaad  ;§  the  module 
tk>nfl,  and  the  raletioiis  of  the  intertak^  became  Tsry  intzieate,  and  were 
gfcaUy  diversfiad  in  a  rariety  of  modes  or  ecales^  whidh  mnat  have  afforded 
an  inexhaustible  supply  of  original  and  striking  nidodiee,  but  which  could 
scarcely  admit  so  many  pleasing  combinations  as  our  m  ire  modem 
systems.  Although  it  is  cert^iin  that  the  ancients  had  frc(j[uent  aoconi- 
pHuiments  in  perfect  hannctny  with  the  principal  part,  yet  they  had  no 
regular  art  of  counterpoint,  or  of  performing  different  melodies  together ; 
nor  does  it  apfsav  thai  ilngr  ever  employed  diaeoida.  The  tiUa  of  the 
aaslsBiB  lasambied  a  hanihoy  at  claojial^  for  it  had  a  seed  month  pieea^ 
ahoat  thaae  Inehee  long ;  the  aame  perfoimer  generally  played  on  two  of 
these  instruments  at  once.  There  were^  liowever^  eeveal  varieties  of  the 
libia ;  and  it  is  not  improbable  that  eome  ef  th«m  may  have  had  the  eimpls 
month  piece  of  the  flageolet. 

Tlu;  first  philosophical  observer  of  the  phenomena  of  sound,  after  Pytha- 
goras, oppears  to  have  been  Aristotle  ;  he  notices  a  great  variety  of  curious 
facta  in  Inirmonics  among  his  mechanical  problems ;  and  he  entertained  a 

*  RoUin's  History  of  tlie  Artsead  Sciences  (tmM«  \  i  vnU.  8vo,  Lood.  1737* 
t  Ibid.  i.  156.  I  JamUUchus,  V  ita  i'ytiiai}. 

f  8«e  Aiistophsasi,  Nubes. 
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Yoy  oomct  Mm  of  tlwInM  natanof  ihe  motkmsof  sir  oonslitntiiig 
oonnd.  He  knew  tliat  a  pipe  or  ft  eoid  of  »  donblB  length  prodvead  • 
found  of  which  the  vilmtioiie  ooenpied  *  double  ttme ;  and  that  tlie  pro- 
perties of  concords  d^ended  on  the  piopoctions  of  the  timee  occapied  I17 
the  YibEa;tion8  of  the  sepenle  loimds.  It  is  not  indeed  improbable  that  at 
least  as  much  as  this  was  known  to  Pythagoras,  since  he  established  coi^ 
rectly  the  numerical  ratios  between  various  sounds  ;  but  s<>  little  justice  has 
]>peu  flone  t(»  his  discoveries  hy  the  imperfect  accounts  of  them  wbirh  luire 
[i  [in  served^  that  we  cannot  expect  to  be  able  to  ascertain  hxa  uyuaioaM 
on  any  subject  with  accuracy. 

The  invention  of  the  organ,  by  Cteaibiiu  of  Alexandria,  about  2000 
yeaw  ago,  fonne  a  remarlcable  epooh  in  haaaonics.  Thelaigeriailniflieiiti 
of  this  khid  wen  fiuniehed  with  hydanfic  bdlowi^  Ihe  ouUer  wilii 
beUowe  of  leather  onl j ;  and  thejr  had  keya  whidi  wete  drurrwifwl,  like 
thoee  of  the  modem  organs,  by  the  fingers  of  the  peifoMuery  and  whidi 
opened  valvee  ooounnnicating  with  the  pipes. 

The  modem  system  of  music  is  one  of  the  few  sciences,  if  such  it  o.^n 
be  called,  which  owe  their  improvement  to  the  middle  a^'es,  Tlie  oi  l 
ecclesiastical  music  was  probably  founded  in  great  measure  on  that  of  the 
Greeks  ;  its  ])eculiar  character  consisted  in  the  adoption  of  any  iiuic  uf  the 
scale  at  pleasure  fur  a  key  note,  without  altering  materially  the  other 
intorvak ;  and  in  this  manner  thcj  obtained  a  Tariety  much  resranbUi^ 
thai  of  the  modee  or  kinda  of  mnric  in  nee  among  the  ancienta.  Pope 
Gr^ij)  aiNmt  the  year  000^  dielSqgaiihed  the  notoe  bj  literal  diancban; 
the  roles  of  coonterpoint  were  fanned  hy  degrees  from  the  fmrpfroimm 
of  the  eocleaiaetieal  musicians ;  and  e<arly  in  the  eleventh  century,  Guido 
of  Arezzo,  otherwise  called  Aretin  the  monk,  introduced,  together  with 
snine  improvements  in  the  theory  and  praotioe  of  muaic^  a  new  method  of 
naininf'  the  notes  bv  svll  iMt"*. 

Some  curious  expf  1  iim: nts  ti  sound  may  be  found  in  the  works  of 
Bacon,  but  they  adile<i  very  little  to  the  true  theory  of  acustics,  .uul  some 
of  them  are  not  perfectly  accurate.  Galileo*  rediscovered  what  was  well 
known  to  Arietotle,  xeepeoting  tlie  natue  of  oonnd ;  for  the  words  of  Ari^ 
atotle  had  been  ao  mnoh  miaunderstood  and  miainlerpntad,  that  he  eeaU 
have  profited  but  little  by  them.  Hia  eotanponalea  Meraennet  and 
Kireher^  made  a  Taiie^of  vaiy  ingeniouB  ezperimenta  and  obaamrtSoni^ 
on  sound  and  m  sounding  bodiea^  many  of  them  unknown  to  authota  of 
later  date.  The  theory  of  the  ancient  music  was  very  accuratdiy  inteed- 
gated,  in  the  middle  of  the  17th  century,  by  Meibomius  :  ^  <>nr  countrj-man 
Wallis,  also,  besides  em]ilnyinf^  mtirh  leamiiiL'  and  penetration  in  the  illus- 
trution  uf  the  ancient  music,  observed  some  insulated  facts  in  harmonioa 
which  were  new  and  interesting.  || 

Sir  Isaac  Newton's  propositions  H  respecting  the  velocity  of  the  pro- 
pagation of  ainind  wave  iitB  ^"f^^^  of  all  tiie  more  aeoorate  invee* 

•  Oj).  iii.  is.  f  Harnaoiiuxjrum  Liber,  Pw.  1635. 

X  Mu$urgia,  2  vols.  fbl.  Rom.  1650.   Phoowgia,  toi.  167S. 

§  ]N!iisictc  Antiq.  Scrip.  Mribomii,  ?  vnls.  Itn,  AniNt.  1652. 
i|  Opera,  vol.  iii.  aud  CI.  Itolemici  Up.  a  Wailu,  4to,  Oxf.  1682. 
Prindpiai  lib.  iL  Ptop.  4^t 
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ligations  relating  to  acustics.  It  must  not  be  denied  Ui.it  these  jiroposUions 
contain  some  veiy  inconclusive  reasoning  respecting  tlie  nature  of  the 
molioiii  ootiilitiitiiig  toond,  hy  whlek  th*  dctonuinaliciii  of  a  parttntUr 
4Mwe  !■  cnroneonsly  actanded  into  a  general  ealntioB  cf  the  problem.  The 
vdodty  ia,  however,  tntlj  otleohiied,  beeanee  it  is  in  fbet  independent  of 
the  particular  nature  of  the  vibration,  and  all  that  is  wanting  to  generalise 
the  proposition  is  the  remark,  that  if  the  velocity  of  sound  is  the  same  in 
all  cases,  it  must  be  such  as  the  calculation  indicates.  An  error  nearljr 
snnilnr  \va<s  committed  hy  Brook  Taylor,*  who  in  the  year  1714  investi- 
gated ihe  time  ottiijncd  by  the  vi)>r:jtinn  of  a  string  or  cord  upoti  a 
particular  supposition,  which  he  ctjiisiiiered  as  a  necessary  conditi<'ii,  l  ut 
wliich  in  fact  contiined  tlie  inquii-y  to  a  limited  case.  It  happens,  however, 
that  the  same  determination  of  the  frequency  of  vibration  is  equally  true 
in  all  possible  eases.  Saaveor  obtained,  about  the  same  tinw,  a  simihur  ooa«> 
dosion  htm  reasoning  still  less  aeenxate:  his  merits  with  respect  to  the 
theory  of  acnstics  In  general  are^  howefer,  hy  no  means  oentemptible, 
Lsgranget  and  Ealer:|:  have  corrected  and  much  extended  the  inveeti- 
gations  of  Newton,  and  of  Taylor,  and  Bernoulli  §  and  Dalembert|j  have 
also  materially  contribated  to  the  complete  examination  and  dlsenssion  of 
the  subject. 

About  the  year  1750,  Daniel  Bernoulli  succeeded  in  obtiininir  a  sohition 
of  a  proliiem  still  more  difficult  than  those  wliich  rtlate  t^)  liie  luutuius  of 
cordb :  Ike  determined  Uie  frequency  of  the  vibratiuUM  of  an  elastic  rod 
flxsd  at  one  end,  as  well  ss  the  rdstions  of  ite  subordinate  sounds.  The 
solution  is  not  indeed  absolutely  general,  bat  it  may  perhaps  be  adapted  to 
an  poesible  csses^  hy  ooasidering  the  elleet  ef  a  oombinalun  of  Tarlons 
sounds  produced  at  the  same  time.  Eokr  has  also  grsal  merit  in  extend- 
ing and  facilitating  the  mathematical  part  of  this  investigation,  although  he 
has  committed  several  mistakes  respecting  the  mechanical  application  of  it, 
some  of  w  hicli  li>  lias  himself  corrected,  and  others  haTO  been  noticed  by 
Riccati  and  L  hladni. 

The  grave  harmonicn  produced  by  the  combiiKiti  ti  of  two  acute  sounds 
were  noticed  about  the  same  time  by  Romieu  and  liy  Tartini,  but  first  by 
Romieu  :5r  their  existence  is  not  only  remarkable  iu  iUself,  but  particularly 
sa  it  leads  to  some  interesting  consequencee  respecting  the  nature  of  soond 
and  heating  in  general. 

Bemonlli  has  also  inyestigaled,  in  a  very  ingenious  manner,  the  sounds 
produced  by  the  air  in  pipes  of  Tarious  formi^  although  e^mfessedly  on 
suppositions  deriating  in  eome  measure  f^om  the  truth :  the  results  of  his 

^  De  Mottt  Mervl  TsBrf*  Vh.  ft,  1713)  zzrfli.  26.  BfeHiodas  InenMaeuloruin, 

Lond.  1715.  t  M6l.de Turin,  i.  ii.  &  iii. 

X  Hi«t.  et  M^m.  de  Berlin,  1748,  1753,  1759,  p.  185,  &c. ;  17C5,  p.  355.  Nov. 
Com.  Petr.  ix.  xvii.  xiz.  Acta  Petr.  1779,  p.  2;  1780,  p.  2;  1781,  p.  1.  de 
Tttrin,  vol.  iii.  $  See  Lect.  XXXI. 

,     II  Hist,  et  M6m.  de  Berlin,  1747,  1750, 1753,  1763.    Opuscula,  i.  &  iv. 

^  Mem.  de  I'Acad.  de  Montpellier,  1751.  See  Tartini,  Trattato  di  Musica.  Pad. 
1754;  and  Mercadier  de  Belesta,  Systeme  deHmiqae,  Puis,  1776;  or  Matthew 
Yonng's  Enquiry  into  the  principal  Pheuomma  of  Musical  Strings,  Dublin,  1784. 
p.  2,  lect.  ri.  The  existence  of  Uie  grave  harmonic  was  6rat  notievd  by  i!»org^t 
Anweisttiig  rar  Stfrnmimgder  Oigehrence,  aw.  Hanberg,  1744. 
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conipiilatiom]Mv«^liowtmt  beta  001^^  by  llw  «zpwiiiitttti<if 
Inberi*  on  the  mmadm  ct  flniM. 

Dr.  Chiadni^t  aMthod  «f  cmnining  th«  sonndfl  of  plates  has  afforded  a 
vety  iuterestang  addition  to  our  knowledge  of  the  nature  of  vibrations ;  his 

discovery  of  the  longitudinal  ^^nunds  of  solids  is  of  considerable  importAuce, 
and  he  is  sai<l  to  l>e  eiieHijefl  in  au  extensive  work  on  the  subject  of  acustics 
in  (jenern).t  S  nir  k  siuirlvH  v\hich  I  have  made  in  the  PhiioHophical  Trans- 
act louti  may  perhaps  alHu  \nd  considered  as  tending  to  illustrate  the  vi- 
brations  of  ooids.  The  latest  improvement  which  4swnraitobeiiKntton>d» 
with  respect  to  the  theoiy  of  eoand,  is  Laplace's  explnntioii  of  tha  inewise 
of  its  YtMty  on  aooonni  ol  tfio  eObet  of  heat^  wiiieh  oiipaett  to  iliord  • 
satisfactory  explanolion  of  a  dUknlfy  W  nmeh  the  mm  important,  as  it 
tended  to  lessen  our  confidence  in  every  part  of  a  theory,  whieb  ^Ukited  m 
widely  from  the  most  aooonte  and  beat  eetahltthed  obeervatioiis. 


Laor.  XXXIY.— ia>DinONAL  AUTHORITIES. 

Musical  Tnttruments. — Sauveur  on  the  Composition  of  Or>fnn  Pipes,  Hist,  et 
M£m.  de  Paris,  1702.  p.  308.  U.  90.  Carr^,  ibid.  1702,  H.  136.  Weber,  Poggea- 
dorfs  Anoden,  zvl.  zvtt.  19S.  8«mt,Mfo.  swhOoostriietiondesIaslniBienslk 
Cordes,  &c.  Paris,  1819. 

Human  Fotce.— Dodsrt.  Hist,  et  Mdm.  1700.  p.  244,  U.  17 }  1706,  pp.  136, 388} 
1707,  p.  66.  H.  IS.  F^vteln,  ibtd.  1741,  p.  409,  H.  51.  Vieq  d'Axjr,  ibid.  1779, 
p.  178,  n.  5.  liscovius,  Tlicorie  Act  Stimme,  T.<i)i/..  l^^U.  Savart,  Annnles  de 
Chimie,  w,  64,  &o.  Biot,  Precis  El^moitaire  de  Pbjaique,  1824.  Fechner's 
German  TVaas.  of  do.  CMadni,  Gilbert's  Ann.  IxzvL  lfl7.  Mayer,  Meckel's 
Archiv,  1820.  Willis  on  the  Mrchniiism  of  the  Human  I>arynx,  Tr.  Camb.  Pli.  Soc. 
ir.  323.  BeDDfl^  R^cherches  snr  la  M&faanisme  de  la  Voix  Uamaine,  Paris,  1832. 
Sir  C.  BeO,  Ph.  TV.  1832.  Mandn  in  Geiaer»8  FlqpBk  Wgrtfboch,  tUL  S78.  ' 
Rush,  Tlie  Philosophy  of  the  Hunian  Voitx-.  rhihuh-lphia,  1833.  Malsaigne,  ArchiT. 
G4n.  de  M^.  25.  Lauth,  Uha.  de  P Acad.  Royale  de  MU.  1835.  LiMfldt,  Dis. 
dsTods  Fomatisiie,  Bool.  1835.  Bishop,  J4.  Mag.  18S6.  Msjer,  OuCUbcs  of 
Physiology.  1837.  HiUer'a  Hwidbudk  d«r  PhyaioL  iL  179,  baUh  trsnilartoa, 
1838,  p.  1002. 

Fofee  ^BiH^.— DuTemay,  Hist  et  M^.  il.  4.  Herissant,  thid.  1753,  p.  279, 
H.  107.  Parsons.  Ph.  Tr.  UCR,  p.  204.  Barrineton,  ibid.  1773,  p.  219.  Dau- 
beatoa.  Hist,  et  Mem.  1781,  p.  369,  U.  12.  CuTier,  Ikdl^  de  la  SodiU  Philo- 
nst.  No.  15.  Lefona  d'Anatomie  Compart,  torn.  It.  lee.  28.  Lslhfliin,  Truis.  of 
the  Linniean  Soc.    Savart,  Annalt  s  de  Chimic,  x.\x.  fil,  and  Froriep's  Not.  331. 

HMofry. — Dodart  on  Ancient  and  Modem  Music.  Hist,  et  M^m.  1706,  p.  388. 
Papqach  on  the  Genera  snd  Species  of  Mv^  among  tiw  Aneients,  Ph.  Tr.  1746, 

?.  2G<i.  Styles  on  do.  ibid.  1760,  p.  695.  Hawkins's  History  of  Music,  5  vols.  4to. 
776.  Barney's  Hist,  of  Muuc,  4  vols.  4to,  1789.  Forktd,  AUgemeine  Ltiteratur 
dsr  Mi^,  Laips.  1792.  Jones,  AiMitt  ReseeniM,  iH.  SsTBosby's  Hist,  of 
Marie,  S  fob.  1819. 

*  Obaervations  liur  lea  Flutes,  Mem.  de  Berlin,  1775. 
t  The  woric  is  Traili  4'Acoaitiqiie,  Pferia,  1809. 
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LECTURE  XXXV. 


ON  THE  THBORT  OP  OPHCS. 

Thr  science  of  optics  i.s  one  of  tho  most  elej^ant,  and  the  most  important 
brauches  of  natural  and  mechauiual  philuHOphy.  it  present^}  us  with 
experiinttits  attraeliTe  by  ihdr  beaut/  and  variety,  with  Jnrettigaiioiu 
aflbidiog  ui  impb  Mope  for  m>th«wnl.tcal  reftiiemeirta»  and  with  inrtra- 
m«nt8  of  eztcorive  ntiliiy  both  in  the  ponoit  of  other  BoienoM^  and  In 
the  common  employments  of  liliB ;  nor  is  there  any  diqpartmcnt  of  the 
fltady  of  nature  in  which  an  unprejudiced  obser^'er  is  more  cottvinein^y 
impressed  with  the  chaxacfeezistioniaxks  of  the  perfect  works  of  a  oupremely 
intelligent  Artist. 

We  shall  first  ronsidcr  the  cssetitial  properties  which  we  discover  in 
light,  and  which  are  the  hasis  of  our  calculations,  together  with  the  con- 
dumona  immediately  deducible  from  those  properties ;  and  next^  the  ap> 
plioation  of  these  laws  to  praeUcal  purposes,  in  the  oonstmotion  of  qitieal 
instranients.  We  shaU  afterwards  proceed  to  examine  the  more  compli- 
cated phenomena,  which  are  dwired  from  the  same  laws,  and  which  are 
observed  as  well  in  natural  as  in  artificial  circumstances,  constituting  the 
snTulivision  of  physical  optics.  The  description  of  the  eye,  and  the  ex- 
planation of  the  «on«*^  of  vision,  hy  means  of  which  all  these  ett'ects  are 
conneeted  with  tiit-  iunnan  mind,  is  properly  a  continuation  of  the  suhject 
of  phytjical  optics  :  the  intin)at<>  nature  of  light  will  be  the  next  subject 
of  investigation,  and  a  historical  sketch  of  the  progress  of  the  science  of 
optics  will  conclude  the  second  part  of  tfais  oonise  of  leetuies. 

In  order  to  avoid  all  hypothssii  in  the  beginningy  it  will  he  necsssMy  to 
define  light  from  its  sensible  qpialities.  The  smsatlon  of  light  is  sometimss 
produced  by  external  pressure  on  the  eye  ;  we  must  exclude  this  sensation 
from  the  definition  of  li^^lit,  and  mnst  therefore  call  light  an  influence 
capable  of  entering  the  eye,  and  of  affecting  it  with  a  sense  of  ^Hsion.  A 
])ody,  from  which  this  inHnenee  appears  to  originate,  is  called  a  luminous 
body.  We  do  not  include  in  tliis  definition  of  the  term  light  the  invisible 
influences  which  ooearion  heat  only,  or  Uachen  the  salts  of  silver,  although 
they  both  appear  to  diffinr  firom  U^t  in  no  otfaw  respects  than  as  one  kind 
of  lig^t  differs  from  another ;  and  they  mifj^t  probably  have  served  the 
purpose  of  Ii;;ht,  if  our  oi^ans  had  been  differentiy  constituted. 

A  ray  of  light  is  considered  as  an  infinitely  nanow  portion  of  a  stream 
of  light,  and  a  pencil  as  a  small  detached  stream,  composed  of  a  collection 
of  sutli  rays  accompanying  each  other.  Asa  mathematieni  line  is  some- 
times conceived  to  he  described  by  the  motion  of  a  mathenmticaJ  poijit,  so 
a  ray  of  light  may  be  imagined  to  be  described  by  the  motion  of  i  ]i  nit 
of  light.  We  cannot  exhibit  to  the  senses  a  single  mathematicai  ime, 
except  ae  the  boundaiy  of  two  surfaces ;  in  the  same  manncfv  we  cannot 


Digitized  by  Google 


ON  THK  imUKY  OF  OPTICS.  m 

'exUVii  •  uugle  ray  of  light,  exeept  as  the  confine  brtwwtt       mnd  dtrk- 

ness,  or  as  the  lateral  limit  of  a  pencil  of  light. 

When  light  passes  through  a  space  free  from  all  material  suhstances,  it 
moves,  with  j^reat  velocity,  in  a  direction  perfectly  rectilinear  ;  wlien  also 
it  passes  through  a  material  suhstance  yferfectly  uniform  in  its  structure, 
it  probably  always  moves  in  a  similar  manner.  But  in  many  cases  its 
motions  are  much  inienuptod.  Those  sobetoneee  throim^  which  light 
peeeee  the  meet  IMy,  «nd  in  eMght  lineep  an  ealled  homogeiieoiia  tnoe* 
fMuent  nediiuiM.  Peifaape  no  medium  li^  etrietly  epeeking,  ftbeolutdy 
timnsparent ;  for  even  in  the  air,  a  <  nsiderable  portion  of  light  is  inters 
cepted.*  It  has  been  estimated  that  of  the  horizontal  sunbeam^  paeiiQg 
through  about  200  miles  of  air,  one  two  thousandth  puil  only  reaches  us ; 
and  that  no  sensible  light  can  penetrate  more  than  700  feet  (ieep  into  the 
sea ;  a  length  of  beven  feet  of  water  having  been  found  to  intercept  one 
half  of  the  light  which  enters  it. 

It  ie  pgerible  that  medinma^  not  in  odier  raqMcle  identical,  may  he 
homogeneoua  with  lespeet  to  tiie  tinngmierfon  of  liglU ;  for  example,  a 
glaee  may  he  filled  with  a  flnid  of  each  a  deoelty,  that  the  light  may  paae 
uninterruptedly  throu^  their  common  surface  ;  but  it  generally  happeaa^ 
tliat  whenever  the  nature  of  the  meditim  ie  changed,  the  path  of  Ug^t 
deviates  from  a  stmij^ht  line ;  thus,  the  apparent  places  of  the  sun  and 
stars  jure  changed  by  the  effect  of  the  atmosi>iiere,  because  the  light,  by 
which  we  judge  of  their  situations,  is  deflected,  in  its  pnsH?iu-e  out  of  the 
empty  space  beyond  the  atnu^phere,  first  into  the  rarer  and  Llieu  into  the 
denier  air.  In  the  lame  manner,  when  we  view  a  dietent  ohject  over  a 
fire  oar  a  chimney,  it  appears  to  dance  and  quiver,  hecaose  the  rays  of  ligh^ 
hy  which  it  is  eee%  are  perpetually  thrown  into  new  aitnationi^  hy  the 
different  ohaQgea  cf  the  doiel^  of  tfie  air  in  coniequence  of  the  action 
of  heat. 

Wlicn  rays  of  light  arrive  at  a  surface  which  is  the  boundary  of  two 
mediums  not  homogeneous,  they  continue  their  progress  without  deviating 
from  those  planes  in  which  their  former  paths  lay,  and  which  are  perpen- 
dicular to  the  surface  of  the  mediums ;  but  tliey  no  lunger  retaiii  the  same 
direction,  a  part  of  Uiem,  and  sometimeB  nearly  the  whole,  is  reflected  back 
from  the  euifaec^  while  the  remaining  part  is  tranemitted  and  re&acted, 
or  bent.  The  name  xefraetion  ie  derived  from  the  distortion  which  H 
occasions  in  the  ai^Marance  of  an  object  viewed  in  part  only  by  refracted 
light :  thus  an  oar,  partially  immersed  in  water,  appears  to  be  bent,  on 
account  of  the  refraction  of  the  light  by  which  its  lower  part  is  seen,  in  its 
passage  out  of  the  water  into  the  air. 

There  is  no  instance  of  an  abrupt  change  of  the  density  of  a  medium, 
without  a  partial  reflection  of  the  passing  either  into  the  denser  or 

into  the  rarer  medium ;  and  the  more  obliquely  the  l%ht  falb  on  the 
anrfiwe,  the  greater,  in  general,  is  the  reflected  portion.  No  body  is  so 

*  Consnit  Boaguer,  Trait£  d'Optiqne  tor  Ie  Gredatum  de  b  L«ni»re,  4to.  Pv. 

1760.  llentchel'a  Description  of  an  Actinometer,  Ed.  Jour,  uf  Sci  iil.  107. 
Pouillet,  Mem.  sar  la  Chaleur  Solaire,  Comptes  Rendus,  July  9,  1838.  Forbes  on 
the  Extinction  of  the  Solar  Rays  in  passing  through  the  Atmosphere,  Ph.  Tr.  1842, 
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black  as  to  reflect  no  light  at  all,  aiui  to  be  perfectly  invisible  in  a  strong 
light ;  although  at  the  surface  separating  two  very  rare  bodies,  as  two 
Idnds  of  gaa»  the  reflection  is  too  fdnt  to  be  perceptible ;  hvi  fai  this  caae 
iiw  •epamticai  Ib  eeldom  perfectly  abrupt 

TbB  angles  of  inddenoa  and  lefleetioii  aie  tlie  aoglae  made  by  a  ny  of 
light,  before  and  after  ita  reflection,  willi  a  line  perpendicular  to  the  re- 
flecting gnrface ;  and  these  aofl^  are  alwaya  aqnal  to  each  other ;  oonae- 
qtiently  the  inclination  of  the  rays  to  the  surface  remains  also  the  same. 
The  (jurDitity  of  lij^ht  reflected,  when  other  circumstances  are  e<}ual, 
appears  to  be  always  greatest  when  the  diflRerence  of  the  oj)tical  or  refrac- 
tive density  of  the  two  substances  is  greatest    Thus  the  reflection  from 
the  conmon  surface  of  glass  and  water  is  much  weaker  thanfromaanrCRoe 
of  glaae  exposed  io  the  air.  Helala  in  general  reflect  a  great  proportion 
of  the  liglit  ftlUng  on  them,  and  even  the  refleetlon  ttom  the  mrnmrni 
aurface  of  glaae  and  mereniy  appean  to  be  bnt  little  weaker  than  the 
reflection  from  the  surface  of  mercury  immediately  exposed  to  the  air,  oa 
that  the  optical  density  of  the  metals  must  be  exceedingly  greet. 

It  appears  also  that  a  portion  of  the  light  fullini^  on  a  reflecting  surface 
is  always  transinitted,  at  least  to  a  certain  depth,  notwithstanding  tiie 
apparent  opacity  of  any  large  masses  of  tlie  substance.  Thws,  if  we  cover 
a  small  hole  of  a  window  shutter  with  tlie  thinnest  leaf  gold,  we  shall  hnd 
that  it  tnuamite  a  greeniah  light,  wMeh  must  have  passed  the  icAeeting 
snr&oe^  but  3N^ch,  if  the  gold  had  been  bnt  one  ten  thoosandth  of  an  inch 
in  thicknesi^  would  have  been  wholly  intercepted,  and  probaUy  almost  in 
the  same  manner  as  by  pasnng  through  700  feet  of  water.  In  transpsrent 
substances,  however,  the  greater  part  of  the  light  penetrates  to  all  distances 
with  little  interruption,  and  all  rays  of  the  same  kind,  thus  transmitted  by 
the  same  surface,  form  with  the  pprpr  ndinilar  an  rmu'^lr  of  refraction  which 
is  ultimately  in  a  certain  coustaui  propurtiun  to  ihe  angle  of  iucidencf  ; 
that  is,  for  instance,  one  half,  three  fourUis,  or  two  thirds,  according  to  the 
nature  of  the  surface.  Thu^  if  the  refractive  properties  of  the  substan<» 
were  such,  that  an  ineidsnt  my,  making  an  angle  of  one  degree  with  the 
perpendieiilar,  would  be  so  refracted  as  to  make  an  angle  of  only  half  a 
degree  with  the  same  line,  another  my,  inddent  at  an  angle  of  two  degrees, 
would  be  refracted^  without  sensible  error,  into  an  angle  of  one  degree.  Bnt 
when  the  ansj^les  arc  larger,  they  vary  from  this  ratio,  their  sines  only  pre- 
serving the  proj)ort ion  with  armracy:  for  examjjle,  if  tVip  anirlc  of  inci- 
dence at  the  supposed  surface  wore  increased  to  1)0**,  the  angle  ot  refraction 
would  be  W  only,  instead  of  46°.  Rays  of  the  same  kind  are  in  general 
distinguisiied  by  the  same  colour,  although  some  rays  which  differ  from 
each  other  in  rebangibility ,  have  soaroely  a  ^sesmible  diiilnenoe  of  ooioor ; 
and  it  ia  poeubl^  on  the  other  hand,  to  find  a  surface  at  which  the  ratio  of 
the  angles  is  the  same  §w  mys  of  all  kinds.  (Plate  XXVI.  Fig.  961^  370.) 

In  order  to  obtain  the  eflects  of  r^lar  reflection  and  transmission,  we 
must  have  peifiBetly  smooth  and  polished  substances ;  for  all  rough  bodies, 
and  sometimes  even  sucli  as  to  the  touch  seem  tolerably  smooth,  have  tlieir 
surfaces  divided  into  innumerable  eminences  and  depressions,  constituting, 
in  reality,  as  many  separate  surfaces,  disposed  in  all  imaginable  directi«n% 
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80  that  fiom  the  equ&lity  of  the  angles  of  incidence  and  reflectkm  yntt/t 
respect  to  each  of  these  surfaces,  the  light  must  be  scattered  every  way, 
and  no  rejj^ularity  can  be  observed  in  its  dir^tion.  It  is  true  that  by  con- 
tinuini^  the  mechanical  operation  of  polishing,  we  only  render  these  sur- 
faces more  minute  and  more  numerous  ;  but  when  they  are  so  much 
reduced  in  magnitude  as  not  to  be  elevated  or  depressed  more  than  about 
<]ie  mUliontli  pttt  of  an  inch,  they  appear  to  become,  for  some  physioal 
THMOBy  incapftUo  of  acting  separately,  and  onl/to  eonai^  in  the  general 
enecfc 

In  all  cases  of  refraction,  aa  veil  aa  of  nfleotion,  if  the  ray  of  light 
return  directly  l  ack  wards  in  the  same  line  to  the  surface,  it  would  proceed^ 
after  a  second  refraction  or  reflection,  in  the  direction  precisely  opposite 
to  thfit  in  which  it  first  was  incident,  so  that  the  same  lines  would  mark  ita 
path  in  both  cases.  Thus,  if  we  stand  Ivofore  a  lookinj?  glass,  with  one  eye 
shut,  and  cover  its  place  on  the  glass  with  a  finger,  the  same  fins?er  will 
hide  the  other  eye  as  soon  as  it  is  shut  and  the  first  is  opened  in  iUs  place  ; 
and  a  similar  effect  might  be  observed  if  tlie  glass  were  under  water,  or 
bebindanjolfaerierra^ingMilMtaace.  (Plate  XXVI.  Fig.  a7l.) 

The  medinni,  in  wUeh  the  taya  of  light  are  eaneed  to  approach  nearest 
to  the  line  perpendicnlar  to  its  snrfMS^  is  sud  to  have  the  greatert  refrac- 
tive density.  In  general  there  is  a  considerable  analogy  between  this 
refractive  density  and  the  specific  gravity  of  the  substance :  thus  water  ia 
more  refractive  than  air,  and  glass  than  water.  But  inflammable  bodiea 
are  usually  more  refractive  than  bodies  of  the  Hame  specific  gravity,  which 
are  not  inflammable;  and  it  is  well  known  th;it  from  the  high  refractive 
power  of  the  diamund,  in  proportiun  to  its  actual  lensity.  Sir  Isaac  New- 
ton most  ingeniously  conjectured  that  it  was  combustible,  as  more  modern 
experiments  have  actually  shown  it  to  be.  It  is  still  more  singular  that 
ha  also  imagined,  from  the  same  analogy,  that  water  consists  of  a  combi- 
nation of  oily  or  faiflammaUe  partidse^  with  itthers  earthy  or  not  iniiam- 
niahW*  In  flie  order  of  refractive  density,  Iwglnning  from  Uie  lowest,  or  a 
Tacnnxn,  we  have  airs  and  gases  of  difierent  rarities,  water,  which  is  the 
least  refractive  of  aU  liquids,  and  which  b  still  less  refractive  when  froaen 
into  ice  :  alcohol,  oUs,  glass,  and  lastly  the  diamond  ;  but  probably  some 
metallic  Hubstnnccs  are  much  more  refractive  than  even  the  diamond. 

The  rtfr;icti\  e  powers  of  (liffcrcnt  substances,  are  usually  estimated  by  a 
coiiiparlson  of  the  refrac  t i  tiis  produced  at  tlieir  surfaces  in  contact  with 
tlie  air,  which,  in  ail  conunon  experiments,  has  the  same  seuaible  effect  as 
a  vacuum  or  an  empty  space ;  the  ratio  of  the  angles  of  refraction  and  ind* 
dcnce^  when  small,  and  that  of  their  sinei^  in  all  cases,  being  expressed  by 
the  latioef  1  to  acertain  number,  which  ia  called  the  index  of  tbc  refrac- 
tlre  density  of  the  medinm,  Thna,  when  a  ray  of  light  passes  out  of  air 
into  water,  the  sines  of  the  angles  are  in  the  ratio  of  3  to  4,  or  of  1  to 
whidi  ii^  therefore,  the  index  of  the  refractive  density  of  water.  In  the 
same  manner,  for  crown  glass,  the  ratio  is  that  of  2  to  ^  and  the  index 
1^  ;  hut  for  flint  glass  it  is  somewhat  greater,  the  ratio  being  nearly  that 
of  a  to  8. 

It  may  easily  be  shown  that  a  refractive  substance,  limited  by  parallel 
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surfaces,  must  tranRmit  a  ray  of  light,  after  a  second  rofmction  at  its  pos- 
terior surfnce,  in  a  direction  y^arnllel  to  that  in  which  it  first  pas'^ci  throiio-li 
the  air.  It  i.s  also  found  by  experiment  that  sueh  a  substance,  interj>o?>*Ml 
between  any  two  mediums  of  different  kinds,  produces  no  alteration  iu  the 
whole  angular  deviatiou  of  a  ray  passing  fi-om  one  of  them  into  the  other. 
*  Hence  it  nuiy  be  inferred,  tbat  Uie  index  of  le&eetion  nt  the 
feoe  of  voj  two  medhiniB  is  the  qnotient  of  their  re^eelive  indices.  For 
instance,  a  piste  of  crown  glass  being  interposed  between  water  on  one  dde 
and  air  on  the  other,  it-produces  no  (  h  inLje  in  the  direction  of  a  ray  of  light 
entering  the  water;  and  the  index  of  refraction  at  the  eommon  snifaee <^ 
glass  antl  wntor  w       (Plate  XXVI.  Fi<r.  .']72,  :m) 

There  is  one  remarkable  consequence  of  the  j^eneral  hiw  by  which  tlic 
angles  of  incidence  and  refraction  are  related,  tliat  when  tlie  angle  of  inci- 
dence exceeds  a  cei-taiu  magnitude,  the  refraction  may  become  impossible  ; 
and  in  this  esse  the  nj  of  light  is  whcXiy  reflected,  in  an  aog^  equal  to 
the  angle  of  incidoice.  Tbxu,  if  the  law  of  refiaetion  required  the  sine  of 
the  angle  of  refraction  to  be  twice  as  great  as  that  of  incidence^  this  eon- 
dition  could  not  take  place  if  the  angle  of  incidence  were  greater  than  90^, 
so  that  when  a  ray  passing  within  a  dense  medium  falls  very  obliquely  on 
its  surface,  it  must  he  wholly  reflected  ;  and  the  greater  the  density  of  the 
medium,  the  more  frequently  will  the  lij^ht  be  totfilly  reflected.    This  re- 
flection is  more  j)erfect  than  any  otlier  ;  the  diamond  onv(>«  much  of  its 
brilliuiicy  to  it :  the  great  refractive  density  of  this  sul)stnuoe  not  only 
giving  a  lustre  to  its  anterior  surface,  but  also  facilitating  the  total  reflect 
tion  of  snch  rays  as  fitll  obliquely  on  its  posterior  sorfeee.  If  we  hold  a 
prism  near  a  window,  in  a  proper  poeitbn,  we  majr  obeerve  that  its  lower 
surface  appears  to  be  divided  into  two  parts,  the  one  much  brighter  than 
the  other ;  the  common  partial  reflection  taking  place  in  one,  and  the  total 
reflection  in  the  other.   The  two  surfaces  are  separat^'d  by  a  coloured  arch : 
it  is  c(doured,  because  the  total  reflection  commences  at  different  antrb  w  for 
the  rays  of  different  colours  ;  and  it  is  curved,  because  the  jmints,  at  which 
the  light  passing  to  the  eye  forms  a  given  ang^e  with  tlie  surface,  do  not  lie 
in  a  straight  line ;  and  if  we  throw  a  light  on  a  wall  by  a  reflection  of  this 
kind,  we  may  earily  observe^  as  we  turn  the  prism,  the  point  at  which  tlie 
brightness  of  the  image  is  very  oooqdcnoudy  incveassd.  (Plate  XXYL 
B%.  374.) 

Such  are  the  principal  properties  which  we  discover  iu  light*  Before  we 
consider  their  immediate  application  to  optical  instruments,  we  m\M  ex- 
amine the  treneral  theory  of  refraction  and  reflection  at  surfaoes  of  dif- 
ferent kin  i^,  or  the  doctrines  of  dioptrics  and  catoptrics. 

The  ravM,  which  constitute  a  pencil  of  light,  are  sometimes  parallel  t^ 
each  utlier,  sometimes  divergent  from  a  point,  and  sometimes  convergent  to 
a  point*  The  inteneetion  of  the  directions  of  any  two  or  move  lays  of  light 
is  csUed  fbdr  focus;  and  the  focus  b  either  actusl  or  Tirtnal,  accordingly 
asthey  eithcr  meet  in  it,  or  only  tend  to  or  from  it.  Thus,  a  small  luminous 
object  may  represent  an  actual  focus  of  divergiuj^  rays,  since  the  light 
spreads  from  it  in  all  directions ;  and  the  small  surface  into  which  the 
image  of  such  an  object,  or  of  ttie  sun,  is  collected  by  a  lens  or  mirror. 
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may  npreseat  th»  actual  foous  of  oonvetging  rays.  It  was  to  sach  an 
imagsof  Hie  Sim  tliattlw  term  focas,  meaning  a  fire  plaee»  was  first  applied. 

But  if  the  rays  tending  to  this  foc  us  he  intercepted  and  made  to  diverge,  the 
point  will  tlMO  be  their  virtual  focun,  since  they  will  never  actually  arrive 
at  it,  heinc:  nuvle  to  diverge  as  if  they  proceeded  from  a  new  point,  which 
will  also  l>e  a  virtual  focus.  When  the  diverijoncc  or  convergence  of  rays 
of  light  is  altered  by  retraction  or  reflection  at  any  surface,  tlie  foci  of  tlitj 
incident  and  refracted  or  reflected  rayt»  are  called  conjugate  to  each  other : 
Hm  new  foens  is  slso  eallsd  the  image  of  the  former  foona*  Thaa,  in  the 
case  already  mentioned,  wliere  the  oonvergenoe  of  the  rays  to  one  focus  is 
converted  into  divergence  from  another,  the  two  virtual  foci  are  ooigugata 
to  each  other  ;  and  the  original  focus  of  the  lens  or  mirror  is  conjugate  to 
the  place  of  the  sun,  or  of  the  luminous  ohject.  If  the  object  had  1>een  put 
in  the  place  of  it«  iinRce,  the  imaije  would  then  have  occiipif  d  tliat  of  the 
nlijcct ;  a  property  which  follows  froui  the  direct  return  of  every  ray  of 
li;rht  throu^i^h  the  path  by  which  it  has  arrived,  and  whi«"h  mny  rnniiy  be 
iiluhtratetl  by  experimental  confirmation,    (riate  XXVI 1.  I'lg.  37o.) 

Whenever  light  is  reflected  by  a  plane  sniflMse,  the  conjugate  foci  are  at 
equal  distances  from  it,  and  in  tin  same  perpendicular.  Thni^  every  point 
of  an  image  in  a  looking  glass  is  perpendicularly  opposite  to  the  correspond* 
Ing  point  of. the  object,  and  is  at  the  same  distance  t>ehind  the  looking  glass 
as  the  point  of  the  object  is  Iwfore  it.   (Plate  X  XVII.  Fig.  376.) 

The  focus  into  which  parallel  rays  are  collected,  or  from  which  thej'  are 
inade  to  divpri^e,  is  called  the  principal  focus  of  a  surface  or  Hubntauce. 
The  sun  is  so  distant,  that  the  rays  proceedim;  fmin  my  jxiint  of  his  sur- 
face, afS^t  our  senses  if  they  were  perfectly  parallel,  and  the  principal 
focal  distance  of  a  surface  or  substance  may  often  be  practically  determined 
by  messuiing  the  distance  of  tiie  imsge  of  the  sun  or  of  any  other  lemote 
ol^ect»  which  is  formed  by  it 

In  ovder  that  the  rays  of  light»  proceeding  from  or  towards  any  one 
|K^t,  may  he  made  to  converge  by  reflection  towards  another,  the  form 
of  the  surface  must  be  elliptical,  parabolic,  or  hyperbolic  ;  there  are  also 
curves  of  still  more  intricate  fonns,  which  possess  tlie  same  juoperty  with 
res]>ect  to  refraction.  A  small  portion,  however,  of  any  ot  liiese  curves, 
differs  very  little  froni  a  circle  *,  and  a  spherical  surface  is  aimont  universally 
substituted  in  practice  for  all  of  them,  except  that  the  mirrors  of  large 
reflecting  teleseopes  ara  sometimes  made  parabolical. 

The  principal  focus  of  a  spherical  reflecting  surfoce^  whether  convex  or 
concave^  is  half  way  between  the  suffooe  and  its  centre.  If  a  luminous 
point  be  placed  in  the  centre  of  a  concave  mirror,  the  rays  will  all  return 
to  the  same  point ;  if  the  point  l>e  beyond  the  centre,  the  imafre  will  be 
between  the  centre  and  the  principal  focus,  its  distance  from  that  f<icu8 
\teh\s:  rilways  inversely  as  that  of  the  radiant  point.  Such  a  focuii  is  never 
abs<jlutely  perfect,  for  the  rays  are  never  collected  from  the  whole  surface 
of  the  mirror  into  tlie  same  point,  except  when  both  the  |>oint  and  its  image 
are  in  the  centre :  but,  provided  that  the  surface  be  only  a  small  portion 
of  that  of  the  whole  sphere,  the  abervatbn  will  be  too  small  to  .be  easily 
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observed :  and  the  same 'm  true  of  the  foci  produced  by  refracting  surfaces. 
(Plate  XXVII.  Fig.  377,  378.) 

When  a  ray  of  light  paises  Uurou^  two  tmheta  fomdng  sii  angle  with 
each  oilier»  indading  a  denier  medtom,  aa  in  the  ease  of  a  prism  of  gUMSy 
H  is  alwaja  deflected  the  angle  in  wluch  the  two  soiAusea  meet.  A 
greater  number  of  surfaces,  placed  in  different  directions,  oonstttate  wfaai 
is  sometimes  called  a  multiplying  glass,  each  of  them  bending  the  lays  «if 
IvM  into  a  different  direction.    (Plate  XXVII.  Fi(^.  !380.) 

A  lens  is  a  detached  portion  of  a  transparent  substance,  of  which  the 
opposite  aides  are  regular  polished  surfaces,  of  such  forms  as  may  be 
described  by  lines  revolving  round  a  common  axis.  These  lines  may  be 
portions  of  circles,  of  ellipses,  hyperbolas,  or  of  any  otber  eorves^  or  they 
may  he  right  lines.  Bnt  in  genera],  one  of  the  sides  is  a  portion  of  » 
spherical  snrfoei^  and  the  other  either  a  portion  of  a  spherical  sorfiMO  or 
a  plane ;  whenoe  we  have  double  convex,  donUe  concare^  planoconvex, 
planoconcave,  and  meniscus  lenses.  The  figures  of  all  these  are  RufH- 
ciently  described  by  their  names,  cxrf»pt  that  the  term  meniscus,  whicli 
properly  implies  a  little  moon  or  crescent,  in  applied  in  general  to  all  lenses 
which  are  convex  on  the  one  side  and  concave  on  the  other,  although  they 
may  be  thicker  at  the  edges  than  in  tlie  middle.  Sometimes,  however,  a 
lens  of  this  kind  is  distinguished  by  the  term  concaroconTez.  A  lena  is 
generally  supposed,  in  simple  calculations,  to  he  infinitely  thin,  and  to  be 
denser  than  the  surrounding  medium.  (Phte  XXVII.  ilg.  981.) 

The  general  cflFect  of  a  lens  may  be  understood,  from  conceiving  its  sur- 
face to  coincide  at  any  given  point  with  that  of  a  prism  ;  for  if  the  angle 
of  tlip  ]>rism  be  extemal,  as  it  must  be  when  the  lens  is  convex,  the  rays 
will  lie  intlected  towards  the  axis  ;  but  if  the  Vinse  of  the  prism  be  external, 
and  the  lens  concave,  the  rays  will  be  dellecttil  from  the  axis :  so  that  a 
convex  lens  either  causes  all  rays  to  converge,  or  lessens  their  diveigeuce, 
and  a  concaTO  lens  cither  causes  them  to  diverge^  or  lessens  their  conTer- 
gence.  (Fbte  XXVn.  Fig.a82.) 

The  principal  foeos  of  a  double  eonyex  or  double  concave  lens,  of  crown 
glass,  is  at  the  distance  of  the  common  radius  of  its  surfaces ;  and  the  fecal 
length  of  a  planoconvex  lens  b  equal  to  the  diameter  of  the  convex  surfSMe. 
If  the  radii  of  the  surfaces  nro  unequal,  their  effect  will  be  the  same  as  if 
they  were  each  equal  to  the  harmonic  mean  between  them,  which  is  found 
by  dividing  the  product  by  half  the  sum  ;  or,  in  the  meniscus,  by  half  the 
difference.  Thus,  if  one  of  the  radii  were  two  inches,  and  tlie  oUier  six,  the 
elieet  would  be  the  same  as  thai  of  a  lens  of  three  inches  radius ;  and  if  it 
were  a  meniscus^  the  same  aa  thai  of  a  lens  of  six  inches.  (Plato  XXVII. 
Fig.  883, 984.) 

The  focal  length  of  a  lens  of  flint  glass,  of  water,  or  of  any  other  sub- 
stance, may  be  found,  by  dividing  that  of  an  equal  Isna  of  crown  gbiss  by 
twice  the  excess  of  the  index  of  refraction  above  unity.    Thus,  the  index 

for  waa-r  being  1  J,  we  must  divide  the  radius  by  f,  or  increase  it  one  half, 
fur  the  principal  focal  distance  of  a  double  convex  or  doable  concave  lens 
of  water. 
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When  u  radiant  jioint  is  at  twice  the  distance  of  the  principal  focus 
^"rom  a  convex  lens,  the  image  is  at  an  equal  distance  on  tlie  otlier  side ; 
■when  the  radiant  point  Li  nearer  than  this,  the  imag^e  ig  more  remote,  the 
<iiatance  of  the  image  from  the  piincipal  focus  nearest  to  it  being  always 
invvnely  as  the  disteaoe  of  Hhit  object  from  tli«  principal  ftwos  on  flie 
oppoflitende.  (Plate XXVIL  Fig. 385.) 

The  joint  foensof  two  lenae^  in  oontaet  with  each  oHmt,  b  alao  found  bj 
molUpIyipg  together  their  wparate  focal  lengths^  and  dividing  the  prodact 
by  their  sum  or  difference,  aceofdiiigly  as  they  agree  or  differ  with  nsftei 
to  convexity  and  concavity. 

We  have  hitherto  considered  the  place  of  the  focus  only  in  relation  to  s 
single  point,  placed  in  the  axis  of  the  1«  us  or  mirror;  but  it  is  equally 
necessary  to  attend  to  other  points^  out  of  the  piiucipal  axis ;  for  in  order 
to  fbim  a  picture*  the  rays  from  a  great  number  of  socb  points  must  be 
cidleeted  into  as  many  distinct  pdnts  of  the  image.  Some  of  the  rays 
praeeeding  from  every  radiant  point  must  be  considerably  bent,  in  order  to 
be  collected  into  a  common  focus ;  others  remain  nearly  straight ;  and  if 
we  can  disoover  which  of  the  cays  are  ultimately  either  in  the  same  line 
with  their  original  direction,  or  in  a  direction  parallel  to  it,  we  may 
determine  the  line  in  which  the  image  of  the  point  in  qm  stinn  is  to  be 
found.  For  this  purpose  we  employ  the  property  of  the  optical  centre, 
which  is  a  point  so  situated,  tliat  all  rays  which  pass  through  it,  or  tend 
towarda  i^  while  they  are  within  tiie  lens,  must  ultimately  acquire  a  diieo- 
tion  parallel  to  their  original  diieetion.  In  some  casea^  the  optical  oentie 
may  be  without  tlie  ]ens»  but  no  pracdcal  inconvenience  results  from 
supposing  it  to  be  always  situated  within  the  lens,  especially  when  its 
tliickness  is  inconsiderable ;  so  tliat  all  rays  which  pass  through  the  middle 
point  of  the  lens  mtist  proceed,  without  .sensible  error,  in  the  same  straight 
line,  and  the  image  of  any  radiant  poiiit  must  ronsequently  be  found  some> 
where  in  tiiis  line  :  but  in  the  case  of  i  mirr  n-,  the  centre  of  its  figure  is 
also  the  optical  centre.  Now  when  any  raduuit  point  is  removed  a  iittio 
from  the  axis  of  a  lens  or  mirror,  the  distance  of  its  image  is  in  general  a 
HtUediminisiiedy  but  tlie  dlffiBrenoe  is  too  small  to  1>e  ohsnrvable  in  common 
oases.  We  may»  tfaerefoK^  suppose  it  to  be  at  the  same  distance  as  if  the 
point  remained  in  the  axi%  cat  even  to  be  in  a  plane  crossing  the  axis 
perpendicularly  at  that  distance,  so  as  to  form  part  of  a  flat  image,  of 
which  the  magnitude  is  determined  by  straight  lines  drawn  from  the  ex- 
tremities of  the  object  through  the  centre  of  the  lens.  Tliis  is,  however,  an 
approximation  wiiich  is  only  admitted  for  the  greater  convenience  of  com- 
putation and  representation,  the  image  being  almost  always  in  reahty 
considerably  curved.   (Phite  XXVIL  Fig.  380.) 
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ON  OmCAL  INSTRUBIBNT8. 

AMOiTft  ihe  great  variety  of  instruments  depending  on  optical  prineiplea, 
ilyja  mo8l  Qoneislent  witb  our  plan  to  attend  iiist  to  thooe  which  msy  he 
denominated  optical  meaanree,  whidi  are  caleolated  cither  for  the  detenni- 
nation  of  the  qnmtity  or  intemdty  of  light  itMlf,  or  for  the  examinaition  of 
the  properties  of  various  material  substances  with  respect  to  Ug^t  Reflect- 
ing quadrants  and  circles,  which  are  often  used  in  astronomical  and 
nautical  observations,  although  they  derive  their  utility  in  some  mea«n!re 
from  optical  laws,  may  most  properly  be  considered  as  belonging  to  the 
»ui)ject  of  practical  astronomy. 

It  is  a  problem  of  frequent  iKcurrencc  in  economical  investigations,  to 
compare  the  iuteubity  of  Uie  liglit  utforded  by  any  two  luminous  objects. 
For  this  purpose  it  is  necessar)*  to  assume  as  a  principle,  tliat  the  same 
quantitj  of  light,  diverging  in  aU  dirsctions  from  a  Inmimras  body,  remaiiis 
undiminished  at  all  distsness  from  the  centre  of  diveigenoe.  Thns^  we 
mnst  suppose  that  the  quantity  of  Sght  fidlilig  on  every  body  is  the  same 
as  would  have  fallen  on  the  place  occupied  by  its  shadow  :  and  if  there 
were  any  doubt  of  the  truth  of  the  supposition,  it  might  be  confirmed  by 
some  simple  expaiments.  It  follows  that  sinos  the  shadow  of  a  sonars 
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inch  of  any  surface,  occupies,  at  twice  the  tlistanoo  uf  tlie  surface  fiuia  the 
luminous  point,  the  space  uf  four  s^^uare  iaciies,  the  inteufiity  uf  the  light 
diminishes  as  the  aquaro  of  the  distMice  incrMiM.  W«  can  judge  wtUi 
tokfmbb  maeaniej  of  fht  oqiiality  of  two  lights  by  tiie  cfttnution  of  the 
ey%  bal  we  oannot  foim  any  idea  of  the  proportioiw  of  lights  of  diflfemit 
ivtouitiee:  however,  we  lemofe  two  eomeee^if  Bght  to  eaeh  dietmeei 
from  an  ohject,  that  they  may  illuminate  it  m  eqiial  degteei^  we  may  con- 
clude that  their  original  intensities^  ai-e  invereely  as  the  eqnano  of  their 
distances.  Count  Rumford's*  photometer  performs  this  very  conveniently, 
ih'  hy  castiriir  two  shadows  of  a  piren  object  near  ench  other,  on  the  «ame 

^         surface,  the  lights  beiu^  removed  to  such  dii4taiicei»  that  the  shadows 
appear  e(jually  dark.    (Plate  XXVII.  Fig.  ;i87,  .388.) 

For  deternnning  tlie  refractive  density  of  solids,  it  has  been  usual  to  form 
tiiem  into  a  prism,  and  to  measure  tide  angular  deviatioitt  wMek  they 
^  pfoduoe;  and  for  fluids^  to  iwdoee  them  either  hi  a  hollo  wpiisni,  or  between 
two  meoisens  lenses^  and  to  measnre  the  angolar  deviatioos  produced  by 
the  prisma  and  the  fMal  distaneea  of  the  lenses.  Bat  in  most  eases,  Dr. 
Woilaston's  apparatust  is  Ikr  preferable  to  both  these  methods :  it  is 
arrancred  for  ascertaining  the  angle  at  which  Hg^t»  moving  within  a  oertaSa 
^  denize  transparent  substance,  begins  to  be  totaUy  reflected  from  the  common 

surface  of  that  substance  and  the  solid  orfluid  which  is  to  be  examined.  Thus, 
if  we  first  measure  Uie  augle  at  which  H^ht  begins  to  be  totally  reflected 
from  the  po8t»rior  surface  of  a  prism  of  glass,  in  contact  with  air,  tve  may 
,  readily  determijie  its  refractive  power ;  and  then,  li&ving  caused  a  drop  of 
n  fluid  to  adhere  to  that  smfiMM^  or  fixed  a  solid  to  it  by  n  small  portion  of 
some  fluid  denser  than  itself,  we  may  obaerve^  as  we  turn  tho  prism  round 
its  axis^at  what  angle  the  diop  or  qpot  begins  to  disappear,  and  may  thenoe 
calfflilate  the  r^mctive  denaty  of  the  anbetanoe ;  anid  even  wUhout  aofenal 
measursnMBt  of  the  angle,  we  may  readily  compare  the  disappsanoee  ef 
the  drop  or  spot  with  that  of  others  placed  near  it,  of  which  the  properties 
are  known.  Dr.  Wollaston  lias,  liowerer,  rendered  the  process  still  easier 
and  ?nore  simple,  by  employiTiL'  a  rprtrtiisfnlar  priwi  of  glass,  with  sights 
j  fixed  to  a  jointeil  frame,  of  sue  h  a  <  u^triu  tiuii  us  tn  enable  him  to  read  off, 

hy  a  vernier,  without  any  ciiitaliitiuu,  ihe  iiukx  of  the  refractive  power  of 
any  substance  lees  deuHt;  liian  glass.   (Plate  XXVII.  Fig.  38U.) 

AH  instrnflMnts  strictly  optieal  aio  employed  Hot  ibnning  an  image  efaa 
•xtenal  object :  the  elmplest  are  minors  and  lenssi^  which  form  a  sii^le 
image  only,  eiyier  aolual  or  irirtual,  and  somethnss  depict  it  on  »  sorfMe 
eskoktsd  Ibr  reeeiTing  and  exhibitang  it.  Other  instromsnts  repeat  tho 
image  once  or  more  under  several  forma,  in  general  enlarging  it  con- 
tinually ;  and  ^ese  are  either  miemaoopes  or  telescopas»  wliich  present  us 
with  grent  diversity  in  their  ananigenienti^  and  in  the  appurtenances  sab- 

servient  to  their  usch. 

it  is  a  general  rule,  that  when  an  image  of  an  actual  object  is  formed  by 
any  leua  or  speculum,  if  the  rays  converge  to  an  actual  fucus,  the  image  is 
inverted ;  but  erect,  if  tlie^'  diverge  from  a  virtual  focus,  aud  tlie  object 
and  image  suVtend  equal  angles  at  the  centre  of  the  leas  or  speculum. 
«  Fh.  T^.  1794,  huuiv.  67*  t  Ibid.  1802,  p.  8M. 
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EmuoB^  ft  9oanBt  bm  ind  »  ooncm  minor  fbfm  an  fevntod  nua^ 

smaller  than  the  object,  whenever  the  object  is  at  a  greater  distance  than 
twice  the  princi)>al  focal  length ;  but  larger,  when  the  object  ia  wiliiiii  thb 

distance  ;  and  when  it  is  within  the  principal  focal  distance,  the  magnified 

ima^e  is  virtual  and  erect,  and  may  be  seen  by  lookino'  into  the  concave 
utirrur,  or  by  looking  tlin  uLrh  tlu  Ifiis  towards  the  oliject.  But  a  concave 
lens  and  a  convex  niinnr  !ih\  iiy.-i  form  a  virtual  image  of  a  real  o>»jf^t, 
which  b  erect  and  smaller  tlmu  the  object.   (Plate  XX VII.  Fig.  iM)... 

When  the  object  is  pieoiaeljr  in  the  piinclpel  fSMosof  «  convex  Jens  or  n 
ooocaTe  minor,  Uie  viitael  image  becainee  infinitely  dirtant ;  ae  that  hma 
whatever  point  in  the  nelg^iboiiffaocd  of  the  kna  it  may  be  viewed,  it  m«at 
enbtend  the  same  angle,  which  !s  always  equal  to  that  which  the  object 
snbtenda  at  the  centre  of  the  lens :  and  since  this  angle  may  eaaly  be 
much  greater  than  that  under  which  the  object  can  he  conveniently  viewed 
by  the  naked  eye,  such  a  lens  or  mirror  is  often  used  as  a  simple  micn>- 
scope ;  and  its  magnifying  power  may  be  ascertained  from  a  compariisoQ 
of  the  angles  which  the  oliject  and  image  subtend.  Thus,  if  a  i>erson 
cannot  see  a  minute  oiiject  wiUi  die  naked  eye  at  a  distance  let>s  than  eigki 
inches^  a  lens  of  half  an  inoh  focal  length  will  repieaent  it  to  bim  in  an 
angle  16  times  as  great:  bnt  if  he  can  eee  it  wiHiont  the  lane  at  the  din- 
tanoe  <tf  fonr  indiesy  the  lens  will  magnify  it  to  his  eye  bvl  eiglht  UwttL 
SupfKMing,  howmr»  tite  eye  to  be  applied  doee  to  the  lens,  the  object 
be  viewed  a  little  within  the  focal  distance,  and  its  apparent  angular  mag" 
nitude  may  be  increased  17  times  instead  of  10,  and  9  thnee  instead  of  S. 
(Plate  XX VII.  Fig.  395,  39G.) 

Since  the  magnifying  power  f>f  n  lens  is  the  greater,  the  smaller  itB 
focus,  it  is  usual  to  eni])loy  tlio  iniiuitest  lenses  that  can  be  ground,  and 
sometimes  a  small  glul)ult'  is  formed  by  fu4>ion  in  a  lamp.  Even  a  drop  of 
water,  placed  in  the  perforation  of  a  plate,  makes  a  tolerable  iiiuguiticr  ; 
and  it  baa  been  proposed  to  substitute  for  water  a  tran^arent  vamisl^ 
which  ia  Ises  liaUe  to  cYapoiate. 

Sopposing  the  whole  light  that  pioceeda  Iroin  n  distant  objeel^  and  fidb 
on  alens  or  speenhim,  to  be  eollected  in  the  im«ge^  ita  intenrily  mvat  bo 
increased  in  the  ratio  of  tlie  ani&oe  of  the  loDts  or  speculum  to  that  of  the 
image.  The  image  is  greater  in  proportion  as  the  object  is  greater ;  conae* 
quently  the  degree  of  condensation  produced  by  any  lens  is  the  greater  aa 
tlie  object  is  smaller,  thus  if  the  diameter  of  a  lens  were  an  inch,  and  th« 
image  of  the  sun  formed  by  it  were  also  an  inch  in  «liameter,  the  den^iity  of 
the  light  would  be  unaltered  ;  but  the  image  of  a  star  would  he  iuJiiau.ly 
brighter  than  the  direct  light  of  the  star  falling  on  the  lens.  The  illumina- 
tion of  any  imf^  formed  by  a  lens  or  mirror,  supposing  no  light  to  bo 
lost,  b  always  the  same  aa  wonld  be  prodneed  by  liie  direct  li^cf  the 
Borfiue  of  the  lens  or  minor,  if  it  were  equally  lumlnona  with  the  aoiftce 
of  the  object  wUdh  emite  the  light.  It  may  also  be  shown,  that  when  tw» 
lenses  are  of  similar  fonns^  their  focal  lf"gtfi«  bdng  proportional  to  thsir 
diameten,  they  mu»t  produce  theeamed^ree of  illumination  in  the  image: 
but  as  for  aa  the  heat  excited  may  be  supposed  to  be  a  meaeuie  ef  the 
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(juantity  of  liu^ht,  this  conelumon  is  not  confirmpH  hy  experiim nt :  it  if 
probable,  however,  that  the  greater  he&t,  produceti  by  a  hirgei  lens,i«  only 
derived  from  the  greater  extent  of  surface  eiqposed  at  once  to  the  solar 
rays, 

Lmmm  are  moit  cwmnonly  made  of  f^ina,  hat  sonwrtinMut  of  rock  oyital, 
wt  of  nKhfit  ttmptamA  nibilaBeM.  It  is  diffioott  to  iKnd  gliM,  MpeoitUy 
ffint  n^MBj  toft  laigo  kntes*  anfibtenUy  free  from  veins :  it  has  ban  pro- 
posed to  lofbr  the  melted  glass  to  cool  without  agitatiooy  and  to  cut  the 
lOMloat  of  any  of  its  strata  taken  In  a  horizontal  direction  ;  botthb  method 
appears  to  be  liable  to  SK»v*>ral  practical  objections.  Mirrors  are  made  either 
of  plass,  coated  with  an  amalgam  of  mercury  and  tin,  or  of  metal,  an  of 
platina,  of  silver,  or  of  an  alloy  of  copper  and  tin,  to  which  a  little  arsenic 
and  silver  are  sometimes  added.  Mirrors  of  metal  are  more  perfect  th&ii 
those  of  glass,  because  they  are  free  from  the  inconvenience  of  a  double  re> 
flootiott ;  but  ihoy  an  moio  ozpopBiTa^  and  aio  iiaiblo  to  tamidi.  'Whon  a 
laiga  minor  is  xoquired,  with  a  WMk  raflactloii  only,  wa  may  employ  a 
flingle  aoifaoe  of  glam^  tiio  back  of  tin  pieea  being  eovend  with  a  biaok 
eoaiUiig  eome  eabetanoe  difleiing  little  from  glaee  in  ita  i«f ractiy e  dens^, 
by  means  of  which  the  second  reflection  is  avoided.  Dr.  WoUaston  haa 
very  ingeniously  applied  the  effect  of  the  reflection  of  two  plane  surfaces, 
inclined  to  each  other,  to  the  construction  of  an  in^tminent  for  drawin?', 
which  he  calls  a  camera  Uk  i  la."  He  usually  employs  the  interii.il  n- 
tlcction  of  a  j)rism  of  glass,  of  which  the  four  surfaces  are  grt  iind  us  to 
form  proper  angles  with  each  other.  The  imago  formed  by  tlie  fust  bui- 
face  18  inverted,  and  the  second  refleotion  restores  it  to  its  original  posi- 
tlon,  but  plaees  it  in  a  diieetion  wUch  ia  at  light  aag^  with  the  diiaefefoB 
of  the  objeet ;  ao  that  when  we  look  down  thnogh  the  ptiam  on  a  Aeet  of 
paper,  we  see  a  peiliMt  pielm  of  the  objeeCa  immediately  bafeia  vm,  widla 
at  the  same  time,  the  aperture  throngh  which  we  look,  is  only  peoily  occu- 
pied by  the  edge  of  the  prism,  the  remaining  part  being  left  open,  or  simply 
oov«red  with  a  lens,  for  the  admission  of  the  direct  rays  of  light  by  which 
we  may  see,  nt  the  same  time,  the  payior  and  fhe  pencil  to  he  employed  foT 
makintr    dr  iwinf^  or  a  copy  of  any  object  placed  l>efore  us. 

When  the  image  formed  by  a  lens  or  mirror  is  received  on  a  smooth  but 
unpolished  surface,  which  b  capable  of  irregular  reflection,  it  is  vbiliie  in 
every  direction.  Such  an  image  is  exhibited  in  the  camera  obscure,  the 
Bolar  ndooeoopc^  and  the  mag^  lantern,  or  hxoerael  microaeope. 

The  geneial  eli^  of  the  eanwia  obeeont  ia  the  aama  aa  may  oA«n  be 
obeerredinadaik  loom,  where  thcit  ia  a  maU  imle  in  the  window  dntte ; 
ttie  gieat  mewmn  of  light  and  shades  before  the  window^  being  lepieeented 
hi  an  inverted  position,  in  the  parts  of  the  room  diametrically  opposite  to 
them,  whidi  are  iUooninaled  in  difimnt  degroeo^  aceoidiiig  to  tlie  qnantUj 

*  Nich.  J<mf.  9vo,  xtii.  1.   Compare  Wren,  Fh.  IV.  1669,  iv.  898.  Fescock, 

ibid,  .  "''n.  Rams  li  n  nn  !  J(  ints,  Pliil.  Jour,  xxviii.  Tlrcwstcr's  Account  of 
New  Fhii.  Insta.  An  acconnt  of  the  modificstioni  which  Prof.  Ajnici  has  effected  ia 
tfds  instnment  li  riMtt  in  the  Win.  Jow,  of  8ei.  v.  167.  Chetatier,  Nodee  sor 
I'Usage  des  Chambres  Obocwes  et  des  Chambres  Gbira,  Fsr.  1829.  LiidiAei 
Gilb.  Aon.  xUi.  338. 
t  Invmtdi  by  Baptttta  Porta,  Magia  Naturahs,  p.  12,  Im^.  Bat.  lOaO. 
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of  l^hi  whidi  can  nacli  tlieiii  in  ebaight  linn  Iram  tlie  ezteiBal  objector 
A  IsoM,  of  a  fiical  length  aomawhat  anulkr  tiun  the  diataaoa  aC  the  auiaoe 
aa  which  the  pietura  ia  pitijaetad»  landeia  the  imiijee  mxtoh.  mora  dutanofc  ; 
but  soma  of  them  are  unavoidably  imparfaet  and  ill  defined,  onleai  the  ob- 
jects happen  to  be  situated  at  tlie  same  distance  from  the  aperture ;  for  the 
foctis  of  tlie  lens  can  never  be  adjusted  at  once  to  nearer  and  more  remote 
objects;  nor  would  the  picture  be  rendered  niore  natural  by  such  an 
adjustment,  for  it  would  present  to  the  eye  at  one  view,  with  equal  distiuct- 
uess,  objects  which  never  can  be  seen  at  uuce  without  bume  degree  of  con- 
fiudon.  Somatiiiiea  tiia  idotnra  ia  iodeiaapted,  by  a  speeolain  placed  ob- 
liquely, and  is  thiown  upwards  on  the  soffiMa  of  a  plate  of  groond  glasi^ 
Qpon  whieh  its  outline  may  be  tiaeed  with  a  blaok  lead  pendl,  and  an  im- 
piesrion  may  be  taken  from  it  on  moist  paper,  wUch  will  represMit  the 
natural  situation  of  the  objects  without  inversion.   Another  arrangement 
is,  to  place  the  lens  horizontally,  "with  a  speculum  above  it,  which  throws 
the  image  thrmi.rH  the  lens,  upon  n  flat  '^nrface  placed  below,  on  which  tlie 
objects  may  be  delineated  in  their  natunil  position,  but  not  without  some 
impediment  fruiu  tlie  iiitcrccptiuu  of  the  light  by  the  hand  and  the  iu^Lru- 
meut  employed.   Such  a  surface,  however,  ought  not  to  be  perfectly  flat, 
in  order  to  aflbid  the  moat  diatinet  image,  although  by  meana  of  a  meniaoua 
lam^  with  a  cover  admitting  the  light  only  throa^^  a  amali  apeHore  near 
its  oentre,  on  the  principle  of  Dr.  Wollaston's  periaoopio  spectacles,*  an 
image  nearly  flat  might  be  obtained ;  but  in  this  case  too  much  of  the 
would  be  excluded.    It  has  been  usual  to  consider  the  image  of  a  very  dis- 
tant object,  formed  by  a  convex  lens,  as  a  portion  of  a  spherical  surface  of 
w  hicii  every  part  is  equally  distant  from  the  centre  of  the  lens  ;  but  this 
estimate  is  extremely  erroneous,  for  the  effect  of  tlie  ob]i<iuity  of  the 
different  pencils  of  rays  materially  increases  the  curvature  of  tlie  image. 
In  fact  no  pencil  of  laya,  falling  obliquely  on  a  spherical  aniface,  can  be 
ooUeeted  any  where  to  a  peifeet  focaa:  the  imageof  a  eiide  would  become 
most  distinct  aft  one  distance,  and  that  of  ita  diameter  at  another ;  but  for 
both  these  images^  the  sar&ce  ought  to  be  mudi  more  curved  than  that 
which  has  been  usually  oonaideied,  and  tlie  mean  of  the  curvatures  re- 
quired for  them,  which  must  be  the  bcht  form  for  the  prround  or  bottom  of 
a  camera  nlisn^rn,  is  equal  to  that  of  a  sphere  of  which  the  radius  is  three 
eighths  ot  the  local  distance,  wlieu  a  double  convex  lens  of  crown  glass  Ls 
employed.    (Phite  XXVIII.  Fig.  307... 399.) 

In  the  solar  microscope,  an  image  ia  fonned  on  a  wall  or  sereao,  by 
meana  of  a  kna  of  email  focal  length,  near  to  which  the  object  ia  phMed,  a» 
that  the  image  ia  Tcry  much  magnified*  For  this  purpose  the  room  must 
be  darkened,  and  the  olgeet  strongly  illuminated  by  the  sun's  light,  whioh 
is  condensed  by  means  of  a  bige  lens,  and  sometimes  by  two  or  more  lenses 
jilaccd  at  a  distance  from  each  other ;  but  care  must  be  taken  to  avoid 
burninq-  the  object  by  bringing  it  exactly  into  the  focus  ;  and,  on  the  other 
hand,  if  it  be  much  beyond  the  focus,  the  light  will  be  tiirown  u^jon  a  small 
part  of  the  imapre  only  ;  the  be«t  arrangement  appeals  to  be,  to  brin^  the 
focus  of  the  condcusmg  U  uses  very  near  to  the  small  lens ;  and  in  order  to 

*  NicU.  Juur.  vii.  143,  241. 
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adjust  the  instrument  in  the  most  couvtnient  manner,  the  diatunces  of  all 
the  lenses  oaght  to  be  moveable  at  pleasure :  the  want  of  this  precaution  is 
ft  bmMaI  ittttH  fai  ilit  xmuX  eotutiuottoii  of  tt»  imtinment.  Tht  ipeoo^ 
lum  whidi  ftni  veeiivwi  tha  moat  be  ca>p«lile  of  moCioii  in  iU  aagnkr 
difeetiooi^  in  oidA  to  illow  ni  to  atieomnodate  ili  poriliott  to  the  ehAngo- 
ablo  plaoe  of  the  son ;  and  tho  a4)iiatmant  has  sometinieB  been  performed 
by  means  of  a  helioetate,  an  instramant  calculated  for  turning  tha  ipeenhim 
by  clockwork,  into  such  a  position  as  always  to  reflect  the  sun*s  light  in 
the  required  direction.  An  easier  method  would  he  to  employ  two  specu- 
luins,  the  one  innvenhle  round  an  axis  ])arallel  to  tliat  uf  the  earth,  and  re- 
flecti])g  the  sun's  light  into  the  direction  of  its  axis,  the  other  fixed,  and 
changing  this  direction  into  any  other  that  might  be  required.  When  an 
Opaque  object  is  to  be  examined,  the  light  may  be  thrown  on  it  either  by  a 
plana  minor  pboad  obliquely,  or  hj  a  paifbiatad  ooncaTe^mimir ;  and  If 
tlia  object  ia  amalit  tha  coneaTo  minor  i^peara  to  be  tha  mora  aiigibla^ 
(Plate  XXYUL  400.) 

By  night,  a  lamp  with  a  laigo  lens  before  it,  magr  njiply  the  |daee  of 
the  sun's  light,  and  the  instramant  will  become  a  lucemal  microaoofa^ 
which,  when  painted  glass  sliders  are  employed  as  objects  for  the  amuse- 
ment of  chihlren,  is  called  n  mn^c  lantern  :  and  this,  exhibited  on  a 
larger  scale,  and  pn^jertiuL:  an  iuifiL't'  <>ii  n  spmitranspfircnt  screen  of  tattetas, 
instead  of  a  wall,  has  ui  late  l)t  <  n  t]n'  source  of  mucli  entertahmient  under 
the  name  of  the  phantasmagoria,  a  term  which  implies  the  raising  of 
spectres.  In  order  to  favour  the  deception,  the  sliders  are  made  perfectly 
opaque,  except  where  the  fignna  an  intiodnoedf  the  ^aaa  being  eorend^ 
in  the  light  parte,  with  a  mom  or  leae  tranapaient  tint»  aeooiding  to  tha 
afloet  required.  Several  piaoea  of  glaee  may  alao  be  occaatonally  plaeed 
behind  each  other,  and  maybe  made  capable  of  such  motlonaaawill  nearly 
imitate  tha  natoral  motiona  of  the  objects  whieh  they  reprmenti  The 
figures  may  also  be  drawn  Mrith  water  colours  on  thin  paper,  and  after- 
wards varnished.  By  removing  the  lantern  to  differeTit  distances,  and 
altering  at  the  same  time  more  or  i^  the  position  of  iln  lens,  the  image 
may  be  made  to  increase  or  diminish,  and  to  become  more  or  less  distinct 
at  pleasure,  so  that  to  a  person  unaccustomed  to  the  effects  of  optical  in- 
struments, the  figures  may  appear  actually  to  advance  and  retire.  In 
Tcalify,  however,  these  figoree  beooma  nraflh  Im^ter  as  they  are  lendatad 
amaller,  while  in  natore  the  imperftet  tranapanney  of  tha  canaea  them 
to  appear  fainter  when  they  are  remote  than  when  they  are  near:  this 
imperfaetikm  mig^t  be  easily  remedied  by  the  interposition  of  sonu  serai* 
opaque  BubetaDoek  Wliich  might  giadaaUy  be  canaed  to  admit  more  hght  as 
the  figure  became  larger,  or  by  uncovering  a  larger  or  a  smaller  portion  of 
the  lamp,  or  of  its  lens.  Sometimes,  by  throwinpr  a  strongs  light  upon  an 
actual  op:K|ue  ohjoct,  or  on  n  livincr  person,  its  image  is  formed  on  the 
curtain,  retaining  its  natural  motions:  but  in  tins  (use  the  obj^t  must  ite 
considerably  distant,  otherwise  the  images  of  its  nearer  and  remoter  parta 
wiU  never  be  sufficiently  distinct  at  once,  the  refraction  being  either  too 
great  for  the  remoter,  or  too  email  fnr  the  nearer  parte :  and  there  mnat 
alao  be  a  eeoond  lens,  plaeed  at  a  auffident  diatanee  from  tha  fiiet  to  allow 
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«a  inrerted  inuige  to  be  fonntd  between  them,  and  to  throw  a  second 

picture  of  this  imntjp  on  the  wreen,  ?n  its  ruitiiral  erect  po«^it5on,  unless  the 
ohject  be  of  such  a  nature  tluit  it  can  be  inverted  without  inconvenience. 
This  effect  was  very  well  exhibited  at  Paris  by  iiobertson  ;  he  .i]so  com- 
bined with  hiH  pictures  the  ahadows  of  living  object%  which  imitate  toler^ 
ably  wtU  the  appearance  of  such  objects  in  a  dark  night,  or  hy  moonshine : 
and  wUie  the  room  was  in  complete  darknen^  concealed  tanena  wen  pro- 
bably lei  down  In  makm  parts  ef  on  whioh  aoone  of  the  imagw  weie 
ptvijeelMl;  for  tliey  were  sometimes  adnalfyiitiialed  over  the  heads  of  the 
audience.   (Plate  XXYm.  Fig.  401.) 

In  almost  all  telescopes  and  compound  microscopes,  the  image  formed 
by  one  lens  nr  mirror  stands  in  the  place  of  a  new  object  for  another. 
The  operation  of  such  instruments  may  be  illustrated  l)y  placing  a  screen 
of  fine  ganj^e  at  the  place  of  the  image,  which  receives  enough  light  to 
make  the  image  visible  in  all  directions,  and  yet  transmits  enough  to  form 
the  flabseqnent  image.  The  simpleetof  such  Inatntments  is  the  astrano- 
aieal  telescope.  Hen  the  objeot  glass  fintfbnns  an  actual  inTcrted  image, 
n«rly  in  the  principal  focus  of  the  eye  glas^  thxongli  irtuch  this  inu^  is 
viewed  afl  by  a  simple  microscope,  and  therefore  still  iSBiains  apparently 
inrerted.  In  order  to  find  the  angular  magnifying  power,  we  must  divide 
the  focal  length  of  the  obiect  <>-lass  by  that  of  the  eye  irlass  :  this  quotient 
is  conspqnrntly  the  greater  as  the  focal  length  of  tiie  object  glass  is  greater, 
and  iiH  tliiit  of  the  eye  glass  is  smaller :  but  the  power  c»f  the  instrument 
cannot  be  increased  at  pleasure  by  lessening  the  focal  leugtli  of  the  eye 
glass,  beoanse  the  object  glass  woold  not  famish  light  enough  to  nnder  the 
view  distinct^  if  the  magnifying  power  wen  too  great  (Plate  XXVIII. 
Fig.  402.) 

The  double  or  compound  micnecope  resembles  in  its  constrocUon  the 
astronomical  telescope,  except  that  the  distance  of  the  lenses  much  exceeds 
their  joint  focal  length ;  and  the  angular  magnitude  is  greater  than  when 
the  same  object  is  viewed  thm^ieb  the  eye  glas«-i  nb»ne,  in  ])roportion  as  tlie 
first  iiniige  is  furth«:r  from  the  object  glass  than  tiie  object  itself.  (Plate 
XX  V  I II.  Fig.  403.) 

In  the  GaUlean  telescope  or  opera  glass,  a  concave  eye  glass  is  placed  so 
Bsar  the  object  ^^aas  thsi  the  first  image  wonld  be  fumed  beyond  it,  and 
near  Its  principal  focnsj;^  and  the  eeoond  Im^  formed  by  the  crye  giaao^ 
which  Is  the  vlrtoal  image  Tiewed  by  the  €y%  being- on  the  <^po8ite  ade  of 
the  centre,  is  inverted  with  respect  to  the  first  images  and  erect  with  respect 
to  the  object.  In  this  case  also  the  magnifying  power  is  indicated  by  the 
quotient  of  the  numbers  expressing  the  focal leogths  of  the  glissfii  (Plate 
XXViil.  Fig.  404.) 

The  inverted  image  of  the  astronomical  telescope  may  l)e  made  erect  by 
means  of  an  additional  eye  glass.  In  the  common  day  telescope  of  Uheita, 
two  soeh  eye  glasses  an  employed,  of  nearly  equal  iMlii^  whiA  have  the 
adfantage  of  procoring  a  greater  extent  in  the  field  of  view ;  they  an 
asaaDy  so  plscsd  as  to  hare  little  or  no  elleet  on  the  msgnifying  power. 
(Plate  XXVm.  Fig.  406.) 

Dr.  UerBehel's  refiectisig  telsacopes  reeemMe,  in  their  eAots^  the  ample 
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aatroiiomieal  telescope ;  a  concave  speculum  or  mirror  beints;  imhstituteU 
for  the  object  glass,  and  the  eye  glass  being  so  placed  as  to  magnify  the 
iiiiagvfiiniMdbjrtlwapecnIiim,  Bat  tinoeilie  apeealvni,  if  itxweiivdttit 
principal  rays  perpendicnhily,  wooM  aend  iham  back  in  tha  aama  diree- 
tioiiy  it  ia  naoMSBiy,  in  tlua  coiiilnMtioo^  to  have  tfaam  nliaelad  aomewhat 
obliqnely,  the  speculum  bring  a  litUa  inoiliiiad  to  the  axia  of  the  telMcope, 
in  order  that  the  light  may  have  free  access  to  it.  An  anangement  of  this 
kind  was  proposed  long  ago  by  Mairc,*  but  it  has  been  rery  little  employed 
before  Dr.  Hcrschrl's  time.  This  excellent  philosnpluT  and  nuchanic  has 
carried  the  perfection  of  his  telescopes  to  a  degree  far  txteitiiiig  all  tliat 
c*)ul»j  have  been  expected  from  the  labours  of  former  opticians.  His  in- 
struments allow  him  to  extend  the  linear  dimensions  of  his  objects  several 
thousand  timea ;  but  he  commonly  fin^  it  mon  eligible  to  employ  only 
poweia  of  5  or  000^  which  aflM  a  mneh  abooger  illnnunation.  (Flale 
XXVnL  Fig.  40e.) 

The  Newtoniaa  nllaelor  haa  a  plana  qwenlnm  placed  In  ita  axie,  at  the 
indlnatioil  of  half  a  right  angle,  which  intercepta  the  rays  about  to  form 
the  image,  and  throws  them  into  the  focus  of  an  eye  glass  fixed  in  the  side 
of  the  tube.  The  plane  speculum  wliich  he  employed  was  the  posterior 
sxirffice  of  a  rectanp^ilar  prism  of  glass,  which  produces  a  total  reflection  : 
but  Dr.  Herschel  has  found  that  the  sources  of  error  nre  diminished  by 
wholly  omitting  this  speculum.    (Plate  XX VIII.  Fig.  4<»7.) 

In  the  Gregorian  telescope,  the  obj^  speculum  is  perforated,  and  tlie 
image  formed  by  it  is  received  into  the  foene  of  a  smaller  concave  speculum, 
which  letama  it  to  be  viewed  thiongh  the  apertnre  by  the  eye  glaeiee.  It 
haa  been  objected  to  Ihb  form  of  the  refieetiog  teleseope^  which  ia  the  first 
that  waa  inrented,  that  the  beet  part  of  the  apeculnm  ia  laerificed  by  the 
perforation.  Bnt  Dr,  Herschel  haa  Ibund  that  the  image  formed  by  the 
external  part  of  a  speculum  is  in  general  more  perfect  than  that  which  ia 
formed  by  the  central  part.   (Plate  XXVIII.  Fig.  408.) 

For  the  smaller  concave  speculum  of  r;rp(r'»ry,  Mr.  rH««ofrain  t  substi- 
tuted a  convex  one,  ]diic5ng  it  within  the  f(x*al  distance  of  the  large  sjiecu- 
lum,  ^^>>  iis  to  form  the  fir4  actual  image  nearly  in  the  same  place  as  the 
second  image  of  the  Gregoriiin  telescope  ;  but  thb  image  is  inverted.  The 
instnunent  haa  some  advantage  in  theory,  with  respect  to  the  perfection  of 
the fbcna;  bath ialittk used.  (Plate  3CXVIIL  Fig. d09.) 

Dr.  SmHh's  reflecting  microeoape  leasmblea  Caasegrabi^a  teleaoope,  bnt 
the  rays  of  light  an  first  adndtted  thnngh  a  pcffDialion  in  the  amaU 
speculum,  that  part  of  them  which  tends  to  fall  immediately  on  the  eye 
being  intercepted  by  a  screen.  The  confezitj  of  the  one  mirror  is  nearly 
equal  to  the  concavity  of  the  other  ;  and  the  instnimmt,  although  seldom 
employed,  is  said  to  succeed  oxtremely  well.    (Plate  XX V IN.  Fig.  410.) 

The  image  of  a  very  distant  object,  formed  by  a  speculum  of  any  kind, 
18  considerably  less  curved  than  that  which  is  depicted  by  a  leus  of  equal 

*  Mach.  ApprouT.  vi.  61.  Henchel  on  hu  Forty  .foot  Tc1esco]ic,  Ph.  Tr.  1795, 
p.  317.  See  also  Uenchel,  ibid.  1782,  p.  173;  1786,  p.  499;  1800,  p.  49;  1803, 
p.  214. 

t  Jeamel  dss  8«fitts»  1678.  Sse  Newta,  Fh.  Tt,  1672,  p.  40M. 
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fooal  le^gtili.  llim  b  a  iiiiiilar  impeiCBeAioB  in  llw  nafe^ 

obliqm  poioibi  bat  it  ia  ooniiiied  vifhin  naffowv  limiti^  the  z«inot«t  put 

of  the  image  in  which  anjr  ndiating  lines  would  be  most  distinctly  repie- 
sented,  being  &  flat  surface,  and  the  nearest,  in  which  circles  would  become 
most  distinct,  beinsr  a  part  of  a  sphere  touching  the  speculum  :  so  tliai  the 
radius  of  the  mean  currature  is  eq^ual  to  the  focal  distance.  (Plate 
XXVIII.  1^'.  411.) 

The  magnifying  power  of  a  refracting  telracope  may  often  be  measured 
hj  comparing  the  diameter  of  the  objeot  giaaa  irith  that  of  the  nanoweat 
apace  into  wliieh  tlie  beam  of  Ug^t  ia  oontneted  bajond  the  eye  glaas^  pva- 
Tided  that  none  of  the  liglit  baa  been  intercepted  in  ite  paaiage  throng  Ilia 
t^Baeope :  for  the  object  will  be  viewed  through  the  telescope  in  an  angle 
as  much  greater  than  that  which  it  naturally  subtends,  as  the  diameter  of 
the  object  glass  is  greater  than  that  of  tliis  contracted  pencil,  which  may  be 
considered  as  an  image  of  the  ohject  glass.  But  in  the  Galilean  telescope 
this  method  cannot  he  employed,  since  no  such  imaye  furnicd.  The  field 
of  view  in  a  simple  telescope,  or  the  angular  magniiude  of  that  part  ui  an 
object  which  can  be  aaen  through  it  at  once,  is  nearly  equal  to  the  magni- 
tude of  the  eye  glaas  aa  aaen  fnm  the  ol^eot  glaaa. 

Ji  a  leaa  be  added  to  any  refractiiig  teleaeope  at  the  plaoe  of  tlie  fixat 
images  it  will  have  no  effect  either  on  the  place  or  on  the  magnitude  of  any 
aabaequent  image,  but  it  will  enlaige  the  field  of  ?iew»  by  throwing  more 
pencils  of  liirht  on  the  original  eye  glass.  If,  however,  the  image  fell 
exactly  on  sucii  a  lens,  it  would  he  liable  to  be  impaired  hy  any  accidental 
impuritie»  of  its  8ul)stance  or  on  its  surface,  every  opa(jue  particle  inter- 
cepting the  whole  of  the  light  belonging  to  one  of  its  puiuUi,  which  would 
not  happen  if  the  image  were  at  a  small  dietance  from  the  lens.  A  fidd 
glass  is,  therefor^  naaally  placed,  both  in  tdaecopes,  and  in  the  fiomnwn 
corapoimd  mieroacopa^  a  little  nearer  to  tlie  ol^ect  glaaa  than  the  plaoe  ef 
the  first  image.  The  boat  plaoea  for  the  Tariooa  lenaes^  in  aa  eye  pieec^ 
are  paitly  determined  from  aimilar  considerations,  but  they  reqnirs  alao  in 
general  to  he  adjusted  by  experiment,  for  several  circumstances  are  con- 
cerned in  the  performance  of  a  telescope,  which  are  almost  too  intricate  for 
practical  calculation,  altl [on i^h  s  ine  assisiauce  may  certainly  be  ohtuiueil 
from  theory  with  regard  to  tlif  most  important  of  them.  The  curvtitureof 
the  image  produced  by  any  lem  lias  already  been  mentioned  :  it  may  be 
in  aame  maaaoia  xemediad  by  Mr.  Bamaden'a  mflthod  of  placing  a  phuMK 
coaTOK  kna  a  little  beyond  the  imi^  with  ite  fiat  nda  tamed  towarda  il» 
Hr,  Bamadan*  alao  employs  an  eye  piece  conatracted  on  this  principle  in- 
stead of  a  simple  microeeope,  under  the  name  of  a  double  magnifier.  Tlie 
aberration  of  the  dif!erent  parts  of  any  aingle  pencil  of  rays,  from  the  CM^ 
responding  point  of  the  image,  requires  also  to  he  considered  in  the  con- 
struction uf  telescopes  :  its  magnitude  is  such,  in  the  case  of  a  double  convex 
lens  of  crown  jrlass,  that  those  parts  of  a  pencil  of  parallel  rays  which  fall 
on  it  near  tiiu  circumference  meet  each  uther  in  a  point,  which  is  within 
-the  true  focu^  by  a  distance  a  little  more  than  half  as  great  again  as  the 
thicloieas  of  the  lens.  In  an  image  formed  l  ^y  a  concave  speculum  of  equal 

•  Fh.  Tr.  I783»  hiiU.  94. 
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tool  length,  tUs  whmtMbim  wouid  teonly  at  great ;  it  may,  hownat^ 
be  aiiiMMl  antifelj  oomoted,  in  safinMitiBg  taiaaoopw^  by  employing  pvopn 
jroportiotMi  in  tiia  dtmamiomi  of  tha  ymm  limaea.  (Plate  XXVUL  Fig. 

A  still  more  important  aberration,  from  which  reflcctinfj:  telescopes  are 
nl«io  wholly  free,  is  that  whicli  arises  fro!n  the  difffrent  refranjfihilities  of 
the  rays  of  light  of  diticreiit  colours,  whicl)  f  tnu  an  intinite  nvimher  of 
images,  neither  agreeing  perfectly  in  situation  nor  iu  magnitude,  m  thftl 
the  objects  are  rendered  indistinct  by  an  appearance  of  colours  at  tbeis 
edges :  thia  imparfBoCion,  faowam,  Mr.  DoUond  haa  in  giaat  mcaanaa 
obTiatody  by  biandmmatio  objaet  glaaaea  <ha  oonatroelian  of  wliidi  da- 
pcoda  on  the  important  diaooYaiy^tiial  aome  hinda  of  glaas  aeparate  tha 
rays  of  different  c<dour8  firom  each  other  much  more  than  othan^  wliile  the 
whole  deviation  produced  in  the  pencil  of  Ught  is  the  same.  Mr.  Dollond 
combined,  therefor^^,  a  concave  lens  of  flint  ^lass  with  a  convex  lens  of 
crown  srlafs,  and  sometimes  with  two  such  len^^os  ;  the  concave  lens  of  flint 
glass  iHiiug  »uthciently  powerful  to  correct  the  whole  dispersion  of  coloured 
light  produced  by  the  crown  ghuis,  but  not  enough  to  destroy  tiie  effect  ol 
Ha  tafinellon,  whidi  waa  atill  aoffialant  to  eollaat  fba  faya  of  light  into  » 
diatant  foena.  For  this  purpose^  it  ianacaasary  tha*  tha  foca!  lengths  of  the 
two  lanaea  dumld  be  in  tha  same  proportion  aa  the  diapezuve  powera  of  the 
re<;pective  subatanees,  when  tha  mean  deviationa  of  the  pencils  are  equal ; 
that  is,  in  the  case  of  the  kinds  of  glaaa  commonly  used,  nearly  in  the  latio 
of  7  to  10.  Sometimes  Jilso  the  chromatic  nbeiTaticm,  tliut  is,  ih*^  <>rT'.»r 
arising  from  the  iliffemit  refrangibilities  of  t!i*  fliFTi u  nf  r  i  v-,  is  pni-tially 
corrected  in  an  i  \  t  j  it  o;,  by  placing  n  fit'b!  uLis^  in  such  h  iiumner  as  con- 
aideruidy  to  contract  the  dimensions  of  the  image  formed  by  the  least 
refrangible  rays,  which  is  nearest  to  the  eye  glass,  and  to  cause  it  to  subtend 
an  equal  angle  with  the  image  formed  by  the  moat  lefiampble  rays, 
thla  image  being  ffitkleaffiteted  by  the  glaae.  (Plate  XXVIII.  414^ 
41&) 

Tlia  apparent  magnitude  of  an  object  Tiewed  through  a  telescope,  may 
be  measured,  with  great  accuracy,  by  a  scale  or  by  wires,  introduced  at  the 
place  of  the  last  imas^c,  reducinp;  afterwards  the  angle  thus  ascertained 
according  to  the  magnifying  power.  Care  must,  however,  be  tnken  to 
avoid  as  much  as  possible  the  distortion  which  usually  acconipaiiies  auy 
curvature  of  the  image ;  and  the  wires^  one  of  which  is  sometimes  made 
moveable  by  nuana  of  a  micrometer  icrew,  muat  be  anlBciently  illuminated 
to  be  diatinetly  wble.  Sometimea  a  aoala  bi  introdueed,  wMch,  Aom  the 
apparent  magnitude  of  a  known  object^  eoch  aa  that  of  a  man  of  ordinary 
hd^it,  or  of  a  portion  of  a  wall  bnilt  with  bricks  of  the  usual  ^ae,  enables 
us  at  once  to  read  off  iU  actual  diatanee,  which  iaezpreaaed  on  llie  scale  in 
hundr^dH  of  yards.  The  angular  magnitude  of  an  object  seen  through  a 
telescope  may  also  be  found,  by  viewing  at  the  same  tiTnp,  with  the  other 
eye,  either  a  s<'aU\  or  any  other  objpct  of  known  dimensions,  placod  at  a 
given  diatance :  the  lucid  disc  micrometer  of  Dr.  Herschelt  is  employed 

♦  Pb.  Tr.  1758,  1.  733,  and  1765,  U.  54. 
t  lUd.  1782,  Ijoii.  163;  1785,  p.  46. 
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in  ihiB  maniiAr  in  j^dfgb^  «f  Iht  magnitude  of  the  celeetaal  hoftiaa  Tlie 

divided  object  glass  micrometer  afibrds  another  mode  of  mwwfpient  :* 
the  object  irlass  being  divitled  into  two  semicircular  portions,  one  of  wliicU 
slides  on  the  otlier  :  ea<'h  portinn  art**  as  a  separiite  lens,  hihI  two  ima^^ 
of  every  part  of  the  object  being  formed,  tiie  angular  distance  of  any  two 
poiniM  in  dctermiiied  by  bringinjo;  their  images  together,  and  measuring  tlie 
displacement  of  the  movable  |»ortion  of  the  object  glass  which  is  required 
tot  pmNnuing  the  coineidtiiiNi,  SomeUmts  abo  a  nmOar  purpoM 
mumtnA  hj  inierting  *  diTiM  glm  in  <li»  ey«  pkoi^  wUoh  aelB  nmdj 
on  tht  Muae  ptincipk^  and  whi«h  aeuns  to  be  aomtwhat  Urn  liable  to  error. 
In  s  reflecting  teleeeope  of  desegrain'e  conefcniotioiiy  Mr>Bttn»dent  kas 
al^o  produceil  the  same  effect  by  dividing  the  convex  speculum,  and 
cauMing  a  part  of  it  to  turn  round  an  axis.  All  these  arrancement'^  parti- 
cularly deserve  the  attention  of  those  who  are  employed  in  piacLical  ii-^rnw 
nomy  and  in  geogriiplw,  Hince  the  tidvaneeuient  of  these  sciences  ihucIj 
dependb  on  the  accuracy  of  tlie  telescopic  and  microscopic  iuea£>urei»,  which 
an  performed  by  mean*  of  optioil  inilnimuli.  (FMoXXVUL  fi%. 


IdCT.  XXXyT.~ADDinONAL  AtrrROIUTIBS. 

Photomelrif. — Mane,  Nouvelle  Decouverte  en  Lumiere,  1701.  M.nran,  Hint, 
ct  M<  111.  ]7'il.  Cekius,  Nouvellfl  Id^  cur  la  Mrsure  de  1»  Lumiere,  ibid.  17S5» 
H.  5.  Elder,  Hist,  ct  Mem.  de  Berlin,  1750.  y.  2H0.  Karsten,  Photometne. 
Greifswald,  1777.  Fontana,  Mem.  delia  Sue.  Itai.  i.  111.  Fossombruni,  Sull' 
Inti^nsitii  del  Lume,  fol.  Arezzo,  \ .  Lsngsdorf,  Grundlehren  der  Photometrie, 
2  vols.  Erlanu'cn,  1H03-5.  Lt'slic's  Photometer,  Nich.  Jour.  iii.  -ir,!.  Ritcbic's, 
Ph.  Mag.  V.  139.  Potter's,  ibid,  new  scries,  iii.  284.  Xavicrde  MH!.<;trc's,  Bibliot. 
Univ.  1832,  p.  323.  Osann's,  Pogg.  Ann.  xxxiii.  405.   Steinheil'a,  ibid,  xxziv.  644* 

Measurfmeni  qf  Refractive  Pottern. — J.  A.  Porta,  De  Refractione,  4to,  Neap. 
1583.  Laliire  on  the  R4>fraction  of  Ice,  llist.  et  Mem.  L\.  328,  i.  172  ;  of  Oil  and 
Water,  ix.  382,  j77  l^)wthorp  on  the  Refraction  of  Air,  Ph.  Tr.  16<>9,  p.  .'^39. 
Cawini  on  do.  Hist,  et  Mt-in.  1700,  p.  78,  H.  112.  Hauk^bee  on  the  Refraction  of 
Fluids,  Ph.  Tr.  1710,  p.  204.  Eulcr  on  do.  Ili.st.  et  M.'m.  de  Berlin,  1756,  p. 
235;  of  Glau,  1766,  p.  202.  J.  A.  Euler,  ibid.  1762,  pp.  279,  302.  .-^18.  328. 
Cadet  nnr!  Briuon,  Hist,  et  Mf-m.  1777,  p.  541.  Biot  and  Arago.  M^moire  snr 
ka  Athnit4^^  des  Corps  poor  la  Lumiere,  M6m.  de  I'lnatitot,  1806,  ii.  301.  Fran, 
cnbofer,  Beatimmong  des  Breohungs  und  Farbenszerstreoailgs-vermbgenj  Ver^ 
■chiedener  Gla^arton  Schnm.  .\stron.  Abhandl.  1815.  Ilartniniin,  in  Sclmm.  Astr. 
Nachr.  Tii.  265.  Maiufi,  in  Gilb.  Ann.  xxxi.  225.  Marx,  in  Schwcigger's  Joor.  t. 
385,  Ixi.  46.  Anigo.  Annales  de  Chimie,  vol.  i.  Sec.  Dulonf»  VUmu  wot  fas  Poewcife 
Befri'u'i  !)-  i!i Flniil*  >  Kln-ticpies,  M6m.  de  1'  Acad.  I8"i.' . 

ComtructHtH  q/  Mirror*. — Madge  on  the  Best  Compotiitiou  of  Metals,  Ph.  Tr, 
1777,  p.  898.  Potter  on  Improrements  in  Casting  e»d  WoffldBgt  A.  Msg.  183t, 
iv.  13,  vi.  228.    Lord  Oxmantown,  ibid.  ix.  213. 

Theorjf  qf  Leiu^. — Kastner,  Com.  Gott.  i.  185,  ii.  183.  Lagrange  sur  Ui  Tliuoric 
des  Lmetles,  Hist,  et  Mem.  de  Berlin,  1778,  p.  162.  Bohnenberger,  ZeitM^rift  fur 
A«tron.  i.  277,  385.  Von  Mnnrhow,  \h\d.  ii.  448.  Gauss,  ibid.  iv.  345.  Mobins, 
iDCrelle'i  Jour.  v.  11^ ;  Sclileiermacticr,  lu  Puggeudorf'it,  xiv.  1.  Schulten,  Hupv, 
k  la  TliAme  des  Yerres  Sinples,  Vedensk  Aph.  1821,  p.  888.  Hcnebd^  Fh.lV. 
1821,  p.  222.  Hamilton  on  a  Sv  trn,  of  Rav>-.  Tr  Rny.  Ir.  Ac.  1824,  &c.  Barlow. 
Ph.  Tr.  1827,  p.  231.  Switini,  Teona  degU  Stromenti  Ottid,  Padoa,  1828.  Lab- 
bock,  Fh.  1^.  fiL  161. 

JI((lwlA^G^nfo«Mler.— WoI1a.^ton,  Ph. Tr.  1809.  p.  283.   Mabu,  M^.  d'Ar- 

•  Semy  end  1ktkmA»  Pb.  Tr.  ilviii.  185,  178, 881. 

t  BamdcB,  Dewriptton  ef  two  new  lAkraneten,  Ph.  TV.  1779,  laia.  419. 
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OMil«  iH*       StniiBtt  Gflb*  Au*  livl*  8*  7oii  BciiSy  VondiUtfB  m  dncB  N6bbb 

Goniometer,  Bonn,  1829. 
Kaieidoscope. — Art.  in  Ed.  Encyc.  bj  the  inventor,  Brewster. 
Sm|0kI.— -Hodkef  Aidmadvoniow  on  H«?eliiu,  4to,  1674,  nich.  fi.  994.  Had- 

ley'i  Inst.  Ph.  Tr.  1731,  p.  147;  1732.  p.  32.  Dollond's  Alterations  on  do.  ibid. 
1772,  p.  99.  Atwood's  Toeory  of  do.  ibid.  1781,  p.  395.  £ncke  on  do.  A«tron. 
Jabrbach,  18W,  p.  285.  Adis  on  MctalUe  Seieetort  tor  do.  PitMeedingt  of  Roj. 
See.  Ed.  1845. 

MieroKop*.   Trtatiut, — Uooke's  Micrographia,  foL  1665.   Grindelius,  Micro*. 
Nov.  Norimb.  1687.    JoUot,  Daacriptioii  dea  Phuieon  Mieraa.  Ma,  1708. 

Observations  Micros.  1751.    Wideburg,  De  Micros.  Solari,  Erlnnir.  Due  de 

Chaulnes,  Descrip.  d'un  Microa.  fol.  Paris,  1768.  Brander,  Beschreibttng  zweier 
Mie.  Augsb.  1768.  Baker  on  tbe  Mic.  1769.  Mwtin'a  Optical  Baaaya,  1770. 
Descrip.  of  a  Graphical  Perspective  and  Micrometer,  1771.  Dela  Rarre,  Mem.  aor 
ks  Mw.  1777.  Gleichen,  Vom  Sonnenmicros.  4to,  Norimb.  1781.  Tiadomann, 
1781.  Adam'a  Baaaya  on  tbe  Mie.  4to,  1798.  Vman,  Mte.  aorle 
Mk.  Fans,  1806.  Amici,  Mem.  di  Micros.  Modena,  1818.  Goring  and  Pritchard's 
Microa.  Ubictrations,  1830.  /n/ownto/s.— Fabri'a,  Ph.  Tr.  1668,  p.  842.  Lea- 
MbMk'k,  ftid.  1673,  p.  6037.  Haygena'a,  Riit.  et  MAn.  z.  427.  WUaon'a,  Ph. 
Tt,  1702,  p.  1241.  Adams's,  ibid.  1710,  p.  21.  Baker's,  ibid.  1736,  p.  442. 
LUbericibnU  Soia^4».  ibid.  1740,  p.  516,  and  Uiat.  et  M4m.  de  Berlin,  1745,  p.  14. 
Bnler'a.NoT.Com.  BMr.i&m  Aepfama'a.  ibid.  ix.  316.  Zeiber'a,  iUd.  x.  299. 
SehraN.  Hi.-^t.  et  Mem.  da  Pteia,  1769,  H.129.  Brewster's,  Ph.  Ma;?,  iii.  74,  viii.  31  fi. 
■■d  New  Philoaophical  lnal|«  Bonl's,  Baumgartners  Zeitsch.  95.  Ehrenberg's, 
Fan.  Aim.  nhr.  188.  WoOHlMa'a  Mie.  Dovblet,  A.  Tr.  1829,  p.  9.  Codding, 
tofi,  Tr.  Camb.  Ph.  Soc.  iii.  421.  lialer  on  the  Mic.,  Ph.  1831,  t.  169. 
Cberolier  and  Goring,  ibid.  p.  224,  dec. 

YWweagM.— Menemif ,  UnirefaB  Oi  nmatrlw  Synopsia,  4to,  Burb,  1644.  Roobe, 
Aa2oat,  and  Campani,  Ph.  Tr.  1005-0,  i.  Huygens,  ibiJ.  1C84,  p.  6G8.  Hist,  et 
M^.  X.  351,  jkc.  Hadley 'a  Telescope  (has  a  rectanguiar  prism  instead  of  the  plane 
Horror  of  Newton'a),  Ph.  IV.  1723,  p.  382.  Evlar,  Hiat.  et  VUm.  de  Berlin,  1747 
—1767  (various  memoirs).  Kratzenstein  and  Euler  on  the  Iconantidiptic  Teles. 
Acta  Pelr.  iii.  1. 192,  201.  Uertel,  Anweiaung  Telca.  Stt  Yerferticen,  Halle,  1747. 
Chtoaiit  on  iSbit  Improvement  of  Trice.  Hbt  et  MAn.  1756»  p.  380,  H.  112 ;  1757, 
p.  524.  H.  I,i3  ;  1702.  p.  :.78,  II.  100.  Scherfer  on  Dioptrical  Tel.  by  Hrti.Iv, 
1768.  Rocbon's  Achromatic  Tel.  Hist,  at  M^.  1773,  p.  299 ;  Reflecting  do.  Ph. 
Maf  .  iL  19,  170.  Lagrange  on  tke  1%eory  of  do.  Mia.  Tavr.  iiL  II.  152 ;  Hiat. 
et  Mem.  de  Berlin.  177H,  p.  102.  Navarre's  Tel.  Hist,  et  Mem.  1778,  H.  r)G. 
Fuaa  on  Tel.  4to,  Leipz.  1 778.  Oriaui,  Mem.  de  la  Soc.  ItaL  iii.  664.  Biina,  Hist, 
et  Mtfm.  de  Beifin,  1797,  ii.  8. 1 798,  p.  8.  Blair  (PMd Lwieni)  Tr.  Hoy.  Soc.  Ed. 
iU.  8.  Repertory  Arts,  yii.  15.  ICater,  CotnparbNm  of  Cassegram's  witli  Gre- 
wmf^,  Ph.  Tr.  1813,  p.  206.  ICitchiner,  Practical  Obsenratbns  on  Telcacopea,  &c. 
1818.  OniHo,  Mem.  ifi  Torino,  zvi.  128.  Krewster's,  Phil.  Mag.  tH.  323.  Lord 
OaumiiIiowd,  ibid.  ix.  25,  new  series,  ii.  136. 

Hiewwalara. — Unygoia,  Sjatema  Satumiwn,  Hag.  Com.  1659.  Auzoat  and 
Hooke,  Pb.  Tr.  1665-6,  i.  123.  Hooke  on  Gascoigne's  Screw  Mic.  ibid,  it  541 . 
Lefevre's  Mic,  Mach.  Appr.  ii.  103.  Kirckius's,  Mis.  Beri.  i.  202.  Casssini's,  lli.st. 
4k  M^m.  1724,  p.  347.  ronchy'a,  Mach.  Appr.  tL  45.  Aepinus's,  Hist,  et  M6m. 
de  Berim.  1756,  p.  365.  Wikke'a,  Sehtred.  Abbaod.  1772.  p.  56.  Boaeovieb'a, 
Ph.  Tr.  1777,  p.  789.  KiiUer's,  Bode's  Jahrbuch,  1785,  p.  155.  Smeaton's,  Ph.  Tr. 
1787,  jp.  318.  Rochon'a  (Rock  Crystal),  Nov.  Act.  Petr.  1788,  U.  37.  Jour,  de 
fiiy.  m.  169.  CaraUo's,  Ph.  Tr.  1791.  p.  283.  WoffaHtoo'c,  iUd.  1813,  p.  119  ; 
also  1820,  p.  126.  Dollond's,  ibid.  1821,  p.  101.  Brew.ster'0,  Ph.  Mag.  i.  104;  iv. 
164.  Treatiae  on  New  Philosophical  Inatrumenta,  ed.  1813,  pp.  48»  173.  Amici's, 
Mem.  della  Soc.  Ital.  xriL  II.  344.  Fraoenbofer'a,  SchmnairWt  Aetr.  Nach.  iL  361 , 
364.  Hansen  on  do.  Golba,  1827.  BmnI  on  do.  ScbiUBacbcf,  vUi.  397.  Stefai- 
.  heil'a,  ibU.  359. 


i2 


Digitized  by  Google 


340 


LECTURE  XXXVU. 


ON  PHYSICAL  OPTICS. 

Havtxo  examined  the  general  tlieory  of  oj)titts  and  the  construction  of 
optical  iniitraments,  we  are  nuw  to  cooiiider  tiiose  propertiee  and  afibctions 
of  light,  wUch  taiiwr  litloiig  to  its  natural  history  than  to  ito  modiaaksd 
eflectB ;  to  tnoe  ito  lektioiiB  to  flM  partteulu-  phenomena  ol  natnrt ;  to 
iiiTwtigito  thamaiUMriii  whieb  it  b  comweled  itith  our  aeoMlunio,  ond 
to  inquire  on  what  intimate  mode  of  acfion  the  Tarious  effects  of  light 
depend.  All  these  subjects  may  be  properly  comprehended  under  tbc 
fleiioinination  of  physical  optics,  but  we  shall  find  it  convenient  to  reserve 
each  of  the  two  last  for  a  separate  exftmiimtion.  The  sourcrs  t»f  light,  the 
velocity  of  its  motion,  its  interception  and  extinction,  its  liispersion  into 
different  colours ;  tlie  maniker  in  which  it  is  affected  by  the  variable  den- 
sity of  Uw  itaioepiuM,  Che  meCeevological  appeennees  in  wfaioh  it  io 
tfonoemed,  and  flie  etngnlar  propatIee<rfputiealtt  mbstuioee  with  regard 
to  it»  will  be  the  fifst  aabjeoli  el  onr  inveitigation. 

The  Bonieeo  from  which  light  is  oommoDly  derived,  are  ei&er  the  son  or 
stars,  or  such  terrestrial  bodies  ss  are  undergoing  those  changes  which 
constitute  comlmstion.  The  process  of  combustion  implies  a  change  in 
which  a  considerable  emission  of  light  and  heat  is  produi^  ;  hut  it  is  not 
capalile  of  a  very  correct  definition  :  in  general  it  requires  an  absorption, 
or  at  least  a  transfer,  of  a  portion  of  oxygen :  but  there  appear  to  be  some 
exceptions  to  the  anivmditj  of  tUs  dlslinetton ;  tad  It  has  hetn  dbssrred 
that  both  luat  and  light  art  often  prodneed  wlure  no  tran^  of  oxygen 
takes  plaM^  and  somelimee  by  the  efleet  of  a  niztnre  which  cannot  be 
ealled  combustion. 

Light  is  also  afforded,  without  any  aenrible  heat,  by  a  number  of  vege- 
table and  animal  su^sfnnres,  which  appear  be  under^'oini?  a  slow  derom- 
pn<iitTon  not  wholly  unlike  combiistion.  Tfius  (U  raycd  wmul,  and  animal 
Hulustitnces  slightly  salted,  often  aff'oni  spuntaneously  a  f  liiit  light,  \nthout 
any  elevation  of  temperature  ;  aud  it  is  not  improbable  tiuit  Llic  light  uf  the 
ignis  fatntis  may  proceed  from  a  vapoar  of  ailndlar  natnn. 

The  ei!eets»  wMch  are  commonly  attributed  to  the  motiono  of  the  alee- 
trieal  fluid,  aie  often  attended  by  the  produotbn  of  light;  and  violent  oi 
rapid  friction  frequently  seems  to  be  the  imme^Mteoanseof  itsappearaneOb 
But  it  is  difficult  to  ascertain  whether  friction  may  not  be  partly  concerned 
in  the  luminous  phenomena  attributed  t<»  electricity,  or  electricity  in  the 
appnrpnt  eftVets  of  friction.  Light  is  sometimes  produced  by  friction  with  a 
nuu  h  lower  degree  of  heat  than  is  required  for  combustion,  and  even  when 
it  is  accompanied  by  combustion,  the  heat  producer!  by  tiie  union  of  these 
oaveee  may  be  very  moderate:  thiM  it  is  usnal  in  some  coal  minsi^  to 
obtain  a  train  of  light  by  the  continual  collision  of  flint  and  steel,  elieeted 
by  the  machine  called  a  fire  whed,  in  order  to  avoid  setting  fire  to  the 
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liilMiiiiiiMii  pi  rmfttixl  Tij  thn  eosl,  wUdiifiottU  be  maifo  to  explode  if 
it  fleme  neir  die  flent  of  s  omdle. 
Then  b  a  remarkaUe  property,  wUeh  eome  eobetewea  peiww  in  en 

eminent  degie^  aiui  of  wUeh  Inr,  except  metals  and  water,  are  entirely 
destitute.*  These  snbstancee  wn  denominated  aelar  phoephori;  besides 
tlie  light  which  they  reflect  and  refract,  thpy  appear  io  retain  a  oertiun 
jiortinn,  ;iin]  omit  it  n','^tin  by  clotrirrs  till  it  is  cxlmustr*!,  »>r  till  its  emis^ 
Mon  if*  iniei  l  upted  by  coki.  The  Boiognan  jihos^ihoru»  wa.-^  <iiie  of  the  first 
of  tli«»e  substances  that  ottracteti  notice  ;  it  is  a  sulfate  of  buryttis^  fuuud 
in  the  state  <^  a  stone ;  it  is  prepared  by  exposure  to  beat,  and  ia  aUtl^ 
waidi  made  sp  into  cdcea:  tluei^  when  iint  plaeei  in  n  bena  ef  tlie  ian*i 
and  viewed  allerwaide  in  a  dailc  n»on^  fmrt  aearty  tta  appearanee 
af  a  bvndng  eoel»  or  a  fed  luit  imn.  Bonit  eyte  dMOi^t  and  muriake 
off  lime  havi  aba  the  same  property,  and  some  s|)ccimena  of  the  diamond 
possess  it  in  a  considerable  degree.  From  the  diflferent  results  of  experi- 
mcTits  apymrontly  accurate,  made  by  different  persons,  there  is  reason  to 
coQcludi:  that  some  of  these  phosphori  emit  only  the  same  kiml  of  lit'ht  as 
they  hare  received,  while  others  exhibit  the  name  appearancea,  ta  wimtcvtr 
kind  of  light  they  may  liave  been  exposed.  Sometiuiea  it  has  even  been 
fonnd  that  iigfai  of  a  pavtlenlar  ooloar  liae  been  noet  effieaeiona  in  exeitiag 
in  a  diaaMiid  the  appeannoe  ef  anotber  Idad  of  Vi^fst,  wUeh  it  wia  nttn- 
tally  meat  diipoeed  to  exhibit  The  application  of  heal  to  eolar  phosphori 
in  general  expedites  the  extrication  of  tlw  lig^t  nhidi  they  have  hoBowed, 
and  liaekens  its  exhaustion ;  it  also  produces,  in  many  subetaneee,  which 
are  not  remarkahle  for  their  ^».»\vi'r  of  imbibing  litrlit,  a  temporary  scintil- 
lation or  ti;LsliiiiL{,  at  a  iieat  much  lu  I<i\v  in-nition  :  tlie  most  remarkable 
of  tlit  sr  luv  tluiir  '^par  in  powder,  ami  boine  other  crvHtalHzed  siibHtnnces. 
It  appears  tii&t  limiinouB  bodi^  iu  general  emit  lii^'itt  equally  in  every 
diveetion^  not  fton  eaeh  pofart  of  any  of  their  eurfaces,  as  some  hm 
aappooid,  M  ftom  the  whole  aoilMe  taken  together,  eo  that  thaMlfiM^ 
when  viewed  oUiqnely,  appean  neither  more  nor  lees  bright  than  when 
Tieweddireetly.l 

However  light  of  any  kind  may  have  at  flfst  originated,  there  la  laaeon 

to  believe  that  the  velocity  with  which  it  passes  throngh  a  given  medium 
is  always  the  same.  It  has  been  ascertained  by  the  astronomical  observa- 
tions of  lioenitr  and  of  Bradley,  that  each  ray  of  light,  ( mittc  l  1  v  tlu 
sun,  arrives  at  tlie  earth  in  eight  niiiiutes  and  one  eighth,  wlieu  tlie  earth 
le  at  ite  mean  distance  of  about  95  millions  of  miles.  ltoemer§  deduced 
lUa  vdocity  from  dbeervaliena  on  the  eeBpaaaof  tht  irteDllee  ef  Jnpiter, 
andBmdleyll  confirmed  it  bjhia  difloofeiyof  thecmeeof  the  apptient 
abemtion  of  the  fixed  fltaia. 

*  See  Cellio,  La  Pictra  Bolognese  Prcparnta,  Rom.  16S0.  Beeoirf  de  fhe^ba* 
ria,  4to,  Bolot:.  1744.   T.Wedgwood,  Pli.  Tr.  1792,  p.  28. 

t  Sec  Bartholinas  de  Lnce  Aniraaliain,  1G69.  Boyle  on  the  Light  of  Fish,  &c. 
fh.  Tr.  a.  581,  605,  1672  ;  vii.  r)107.  Works,  iii.  304.  Canton,  Ph.  Tr.  1768, 
p.  337  ;  1  :r,9,  p.  446.    Un\m*\  thi.l.  1800,  p.  161  ;  1801,  pp.  403,  426. 

t  Haiikxbee,  on  the  Production  uf  Light  from  Pbospiionui  in  Mcao,  Ph.  Tr. 
xxiv.  p.  1865. 

^  Hist,  et  Man.  x.  399.  Ph.  Tr.  1677»  xii.  MS. 

U  Ph.Tr.  1728,  xuv.  637. 
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This  uhmtMm  i»  piodnoed  by  the  efleet  of  fha  wnioAmk  of  tiw  mtA 
in  its  orbit,  combined  with  that  of  the  yngtmKn  msAfm  of  light  Sinot 

light  proceeds  always  in  right  lines,  when  its  motum  h  perfectly  undis- 
tnrhod,  if  a  fine  tube  were  placed  so  a,s  to  receive  a  ray  of  light,  passing 
exactly  through  its  axis  when  at  rest,  and  then,  remaining  in  the  same 
direction,  were  moved  transversely  with  great  velocity,  it  is  evident  that 
tlie  miie  of  the  tube  would  strike  agaiu&l  the  ray  of  light  in  its  passage, 
and  that  in  order  to  retain  it  in  the  axis,  the  tube  must  be  inclined,  in  the 
aaano  maimer  as  if  the  light,  instead  of  ooBdog  in  ito  aotonl  dSnotieOy  had 
also  a  tmnsrme  motioo  in  a  omtraiy  direction  to  that  of  flie  tnhe»  The 
axisof  a  teleseope^  or  oven  of  the  eye^  may  be  considefed  aa  leeeinMing 
Sttch  a  tub^  the  passage  of  ihc  liuht  through  the  refracting  anhstances  not 
altering  the  necessary  inclination  of  the  axis.  In  various  parts  of  the 
earth's  orhit,  the  aberration  of  any  one  star  must  be  difiereat  in  quan- 
tity and  in  direction  ;  it  never  exceeds  20  tseconds  each  way,  and  must 
therefore,  in  oominon  oluicrvations,  be  wholly  insensible.  (Plate  XXIX. 
Fig.  418.) 

'  The  qmUty  of  light,  which  b  lefleded  by  a  sahstanee  of  any  kind» 
d^ends  not  only  on  tiie  nature  of  the  snbstaaes^  but  also  on  the  oUiqaiify 
of  its  incidence:  and  it  sometimes  happens^  that  a  enifiM^  wliicli  rcAeelB 
a  smaller  portion  of  dinet  light  than  another,  refleele  a  giealff  poitien 

when  the  light  falls  rery  obliquely  on  its  surface.  Bouguer  fonnd  that 
the  surface  of  water  reflected  only  one  fifty  fifth  part  of  the  light  fall- 
ing perpendicularly  on  it,  tliat  of  glass  one  fortieth,  and  that  of  quick- 
silver more  than  two  thirds:  but  when  the  obliquity  was  as  great  as  jwssi- 
ble,  the  water  reflected  nearly  tliree  fourths  of  the  incident  light,  and  the 
glass  abont  two  thirds  only. 

Of  the  light  which  paaeee  by  a  dense  sabstaaoe  of  any  kind,  the  gnalset 
part  pniaaea  its  coarse  nndistorhed,  bat tibera  is  alwaysa certain  dimgenee^ 
which  has  been  called  by  Gnmaldi  diftaotioD,  and  by  Newton  Swfltttjffn. 
This  efiEeot  is  usually  attended  by  the  production  of  colour^  and  will 
therefore  require  to  be  more  yiHrticitlnrly  considered  hereafter. 

The  separation  of  colours  hy  refraction  is  one  of  the  most  striking  of  all 
optical  phenomena.  It  was  discovered  by  JNewton  *  tiiat  white  light  is  a 
compound  of  ray  s  of  dilicrent  kinds,  mixed  in  a  certain  proportion,  that 
these  rays  differ  in  colour  and  in  refrangibility,  that  they  constitute  a 
series,  which  proceeds  by  gradual  changes  from  red  to  riolet»  and  that 
thoss  imbntnnnrn  which  appear  cohraied  when  placed  in  white  vij^  deriTo 
ttuir  oolonre  only  from  the  property  of  i  cflecting  some  kind  of  rays  most 
abundantly,  and  oi  transmitting  or  extinguishing  the  rest  Dr.  Herschelt 
has  added  to  this  seriei^  rays  of  heat  less  refrangible  than  the  red,  and 
Ritter*  find  Dr.  Wollaston  §  have  di^rovpn  l,  l>eyond  the  violet,  other  stUl 
more  refrangible  rays,  which  blacken  the  salts  of  silver* 

•  Ph.  Tr.  167i.      3075 ;  vU.  4059,  4087,  MNM,  5012,  5084 1  viii.  6066, 6108, 

ttc,  Sus.    Opuflcula,  ii.  181. 
f  On  Heat  and  Light,  Ph.  Tr.  180O. 
X  Gilbert's  Ann.  vii.  527  ;  xii.  409. 

i  Ph.  Tr.  1802,  p.  366.   See  alio  Scbeele  on  Air  and  Fiie  (<rmf.).  Loud.  1780, 
§66. 
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lihMgmmnJfy  htm  aiippoied^  nnot  the  tiBM  «f  Newton,  thai  when  the 
.dmit  nyeof  hf^bi  are  sepettted  as  completely  as  pOMible  by  means  of  refrac- 
MMpm       taon,  they  pK!HMt  seven  vaiietifle  cf  ooknuv  leleted  to  eeeh  other  with 

v^m  respect  t4)  the  extent  that  they  occupy^  in  ratios  nearly  analogous  to  those 
:^nri"  -  of  the  ascending  acjilf  nf  the  minor  mndf^  in  music.  Tho  observatinnH 
werp,  however,  imperfi  ct,  an<l  the  anuiuj^y  was  whtjlls  iiiiH^Muar\'.  f)r. 
WoUaston*  has  determined  the  division  of  thecoluured  image  or  spi  rt  rum, 
HI  a  much  more  accurate  manner  than  iuui  been  done  before  :  hy  iuokiiig 
through  a  prisiu,  at  a  narrow  line  of  light,  he  produces  a  more  effectual 
■i|iM«lien  of  the  eai0in%  thaa  eea  he  obtained  by  the  oenunon  method  of 
thiowing  theenn'etmageoftawilL  Die  spectnunfoaiiediiithieiiuiuier 
eentnteef  imreokNaeeiilyy  led,  gieen^  blae»  and  violet  which  oecnpy 
epeeei  n  the  pMpoitaon  of  16^  29^  36^  end  26,  leepectMy,  meking  toge» 
thir  100  for  the  whole  lenglli;  the  led  being  neaily  one  sbtth,  the  green 
end  the  violet  each  eboot  one  fourth,  and  the  blue  more  ^n  one  third  of 
the  length.  The  cdewre  dilfo  soavody  at  all  in  quality  within  their 
respective  limits,  but  they  vary  in  brightness;  the  greatest  intensity  of 
light  heinisr  in  that  part  of  the  grwn  which  in  nonm^t  to  the  rc«1.  A  narrow 
line  fif  yellow  h  generally  visible  at  the  iimii  oi  the  red  aud  green,  hut  its 
hna«lth  Hcarcely  exceeds  tliat  of  Uie  aj)erture  by  which  the  light  is  ad- 
mitted, and  Dr.  Wolla«ton  attributes  it  to  the  mixture  of  tlie  reil  witli  the 
green  light.  There  are  also  several  dark  lines  t  crossing  Uie  spectrum 
witfam  the  bhM  poitton  and  He  a^ghboufhoody  in  whidi  the  oontinoitjr  of 
the  Hgfat  eoeme  to  be  interrapted.  Thie  distribotieo  ol  the  epeotPtm  Dr. 
WoUeeten  has  Icmnd  to  be  the  avne,  whate?er  TCfreeting  enbstanoe  mej 
IttrTe  been  empkyed  for  Ha  fonnatieii;  and  he  ettribntae  the  dUGneoee 
whidi  has  sometimes  been  obeenred  in  the  proportioDi^  to  accidental  vaiiai- 
lioneef  the  4^rK|uity  of  the  rays.  The  angular  extent  of  the  spectrum 
IbfRied  by  a  pnam  of  crown  glass  is  one  27th  of  the  deviation  of  the  led 
iay«  :  by  a  prism  of  flint  glass,  one  llHh.    (Plate  XXIX.  Fig.  419.) 

In  liirht  prwhiccil  hy  the  co^nhn'^tion  of  terrestrial  substances,  the  spec- 
trum is  souwtimes  sUll  more  interrupted  ;  thu8^  the  bluiab  light  of  the 

•  Ph.  Tr.  1802,  p.  365. 

t  Tliis  fact  did  not  exrifr  tlir  rxttention  which  it  merited  at  the  time  of  its  dis- 
covery. Sereral  years  afterwards,  M.  Praunhofer,  of  Monicb,  by  viewing  the 
■pw  liHin  fenud  from  a  nsnoir  liae  of  soler  ligfct,  when  ie  its  pnreit  slate,  at 

the  angle  of  minimum  deviation,  disOOfOied  that  it  was  «  rnsM  il  by  a  very  great 
number  of  dark  lines,  not  separating  ^iSerait  colours,  but  mixed  up  with  them, 
witSioot  any  order.  In  sdar  fcfglA  tfaey  are  nearly  000  fa  mnber,  and  wMi 
the  same  khid  of  light  always  retain  the  same  places,  but  are  Tery  different  for  dif- 
ferent kinds  of  light ;  and  even  that  of  the  sun,  after  it  has  been  transmitted  through 
nitrous  acid  gas,  exhibits  very  different  lines  from  what  it  did  previously.  By  far  the 
readiest  mode  of  viewing  such  lines,  is  to  cause  sun-tight  to  pass  through  a  bottle  of 
tills  gas  before  it  falls  on  tht!  prism.  Since  the«e  lines  always  retain  tlieir  places  in 
the  spectrum,  they  aliord  the  must  accurate  uicthod  of  determining  tJie  refractive 
and  dispersive  powers  of  bodies,  to  which  pttrpoee  Praunhofer  liiiBaetr applied  them. 
See  Fraunhofrr,  I?(  stimmnrt'^  Brechunpn  und  FarbenszerstrfTinn'^-vprmogens 
versduedener  Glasarten.  MuncherAluul.Abhand.lB2l,  xxii.  Urewdt^r's  Obsero 
vataona  on  the  Lmes  prodooed  by  the  Barlh's  Almospbere  and  by  the  Action  of 
Nitrous  Arid  Chs.  Tr.  Roy.  Soc.  Ed.  xii.  519.  Ed.  Jour,  of  Sri.  No.  XV.  7.  Mil- 
ler,  ibid.  ii.  381.  Rudberg,  Fogg.  Ann.  xxxv.  523.  Wbeatatone  (Electrical  Light), 
Ph.Ms«.vii.m 


Digitized  b^^pgle 


LECTURE  XXXVll 


lower  part  cf  a  flame  of  a  candle  is  separated  by  refraction  into  fire  paroei» 
of  van'ons  colours;  the  llffht  of  burning  spirits,  which  a]i]iears  perfectly 
bhie,  cliieflv  conipo«»e(^  nf  preen  and  violet  ravf? ;  and  the  liLrht  of  a 
candle  into  wliich  salt  is  thrown  utiuunds  with  a  pure  yilldw,  iuciiuinj?  to 
green,  hut  not  separable  by  rrfrat  tum.  The  electrical  spark  furnishes  also 
a  iigikt  whici)  is  differently  divided  m  diilerent  ciroumiitaQcea.  (Plate 

XXIX.  Fig.  m,) 

U  iJu  hn&dA  of  Um  apcftm  ihnnd  tbsough  a  pdn  k  aomeiiliii 
iacnmod,  tbt  op&oo  oceopitd  hy  amIi  TMii^  of  liflbi  ift  tbt  ■puimm  is 
aagnMUtod  in'  th*  mm  prap«itk%  «ad  «Mh  poift&iiii  wnfftnuhM  on  the 
noiC^iboiuiiig  cokaii^  mtA  h  mixed  wHb  tk«a$  so  tetike  nd  is 

ceeded  by  orange,  ydlofw^  aad  yiMgfriuh  green,  and  the  blna  is  mixed  on 
the  one  side  with  tlie  green,  and  ca  Ihi  ath»  with  tha  vifdet ;  and  It  is  in 
this  8tat«  that  the  pEiuMtie  fpeolnm  it  ewwmiljr  «diibi«ed.  (Pialt 

XXIX.  Fig.  421.) 

Wlien  t)ie  henirt  of  light  is  so  much  enlarmd  m  to  exceed  the  angular 
magnitudf  uf  the  spectrum,  it  retains  itfl  w  hiitcm  ss  in  the  centre,  and  is  ter- 
minated by  two  different  series  of  <  ulourH  at  the  dilltrent  ends.  These  s*»ries 
are  still  divided  by  well  marked  lines  :  on  the  one  hand  the  red  reuiHio^ 
unmixed ;  the  qwoe  bdonging  to  the  green  aad  him  leetmee  •  gieeiM 
yellow,  nesrly  untfonn  throughout,  aad  here  the  apfeMioeqf  tokmmi^ 
pliiie  of  the  vioiet  being  etiifcTfpiy  diethyiiehiifilft  £ran  tfie  iMi^lMNiiimg 
white  light:  on  the  other  hand,  Um  spooe  belongn^to  flnxed,  green,  and 
bhie  of  the  ifaniile  qieetrom,  eppeaas  of  a  Uvieh  green,  beoomiogmore  mni 
Tnnre  Uoo  till  it  meets  the  violet»  mkich.  retaini  ite  pkoe  without  alteration. 
This  second  series  is  also  the  same  that  acoompanies  the  limit  of  total 
ri  tlet  tion  at  the  posterior  surface  of  a  prism.    (Plate  XXIX.  Fig.  422.) 

Sir  1  sane  iVewtnn  observed  that  the  effect  of  white  light  on  the  sen s^e  of 
Bight  nu^hf  1h  iiiiititrd  by  n  mixture  of  colours  taken  from  diffViLiU  pirts 
of  the  ti  uiii,  ii«it\s  itlistun (ling  the  omiH»»ion  of  smne  of  tfie  rays  niiturciily 
belonging  to  wiiit^*  iighL  Tims,  if  we  iuttrcepl  one  half  of  each  of  the  four 
principal  portions  into  which  the  spectrum  is  divided,  the  remaining  lialves 
will  fitill  pieeerve^  when  mixed  ti^getiher,  the  appeaaaoe  of  whlteneee ;  eo 
that  it  ie  probeUe^  that  the  difterenipaxte  of  tfaoee  poitioneof  tlieepeetraB» 
whioh  appear  of  one  ooloof^  have  preeieely  the  eane  efieet  on  the  ey«i  It 
is  certain  that  the  perfsci  eeneatione  of  yaUow  and  of  Una  ai»  prodocod 
leepectiToIyy  by  mixtnres  of  red  and  gnen  and  of  green  and  violet  iij^and 
then  is  reaeon  to  eoqieat  that  those  sensations  are  always  compounded  of 
the  separate  sensations  combined ;  at  ka^  this  supposition  simplifiee  the 
theory  of  colours  :  it  may,  then^fore,  be  adopted  with  advantage,  tintil  it  be 
found  inconsistent  witli  any  of  the  phenomena  ;  and  we  may  consider  white 
light  as  composed  of  a  mixture  of  red,  green,  and  violet  only,  in  (ht-  j>ro- 
portion  of  about  two  parU  red,  four  ereen,  and  one  violet^  with  respect  to 
tlie  (iuaiitity  or  intensity  of  the  sensatiim.s  jiroduced,* 

*  So  Wunsch,  Yersuche  uber  die  Farben,  Leipz.  1 792.  Mayer,  in  an  esaaj  Oe 
Affinitale  Colonm,  pnb.  1722,  refers  all  ooloara  to  red,  yellow,  and  blee :  aad  ttis 

b  the  more  common  bypotbesis.  See  Guyot,  Recreations,  Par.  1 769.  Goethe,  Fu-> 
Wnlchre,  Ifiin.  Brewster,  Tr.  Roy.  Soc.  Ed.  xii.  123.  NoUet,  Le^ns  lie  Fhy- 
&icjuc,  V  .  388,  considers  the  three  colours  to  be  orange,  green,  and  indigo. 
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If  we  mix  togetlier,  ia  proper  proportions,  any  sut^taocM  exhibiting 
these  coloari  in  kbeir  gwlait  purity,  and  place  the  ipiifcnwi  in  »  light 
mWMmnHf  itwnft  m  <he  sppeenuM  of  parfiefewliStaMM;  tntia 
a  li^Btev  Ug^  the  BdxtBre-ie  grey,  or  of  ftat  hie  vlueli  triMt  fmn  »  oen- 
hfantfon  of  white  uiaUMk;  Uaek  boaieehelttgiDoh  unfleofe  white  light 
bBtin*v«y  aeBDljisopeiiioiL  For  the  aome  zomob,  greea  «i4  vsd  auh- 
ttmtm  aized  tegoiher  umlly  jnake  rslhfir  s  brown  than  a  yellow  colour, 
and  maaj  yeUow  edoun;  when  laid  on  very  thickly,  or  mixad  friih  Uaok^ 
beooilM  brown.  The  sensations  of  various  kinds  of  light  may  also  be  com- 
hined  in  a  s^ill  more  ^ntinfactory  manner,  by  painting  the  surface  of  a  circle 
with  different  colours,  in  any  way  that  may  l)e  dcf^ired,  ami  (aiimng  it  to 
revolve  with  such  rapidity,  that  tlie  whole  may  as8un:e  thi'  ajipcamnce  of  a 
single  tint^,  or  of  a  t^mibination  oi  tints,  rwttlting  from  the  mixture  of  the 
colours.    (Plate  XXIX.  Fig.  423... 426.) 

.  From  three  nnple  eeeeatione,  with  their  eoabinationg,  wa  Mtin  amn 
ftinlllva  diiliBetioBa  af  aolaoia  $  hvl  Uw  4UAniit  prupoithNia  hi  ifUdi 
Ifaey  may  ba  aoniMBedt  aMatd  s  inariety  of  Ifiili  hajand  afl  tiiknktimu 
The  thica  dmple  mamfSam  hdag  sed,  giaan,  and  viole^  the  three  Unaiy 
aonUflaitfoiia  ara  yvQaw,  fwnateting  af  red  aad  gwi;  eriBasB,  af  nd  and 
irialat;  aad  blue,  of  green  aad  tkilet ;  and  the  seventh  ia  aider  Is  white 
light,  composed  by  all  the  thiaa  mited.  But  the  blue  thus  produced,  by 
comhining  the  wlif^le  of  the  green  and  violet  rays,  is  not  the  bhip  of  the 
spectrum,  for  four  {);irt«  of  green  niid  one  of  violet  make  a  Idne,  (liffering 
very  Uttle  from  green  ;  while  the  Idue  of  the  P])ectruni  aj'poarti  to  coutHin 
as  much  violet  as  green  :  and  it  is  fur  tliis  rcasou  that  red  and  blue  unuaUy 
make  a  purple,  deiiving  its  hue  fiuni  the  predominance  of  the  violet. 

It  would  be  possible  to  exhibit  ai  oace  to  the  eye  the  oombinatione  of  any 
llmaQlMBBi^allimagiBiadawirtiai.  TanaafHwiinu^tbakid  down 
an  a  rwahriag  matM,  in  Aa  fom  af  tringlee,  piaoed  in  oppoettediiao- 
tioii%  and  the  thbd  on  pttju^dma  perpet^iaahr  to  the  eniAwe,  idiiah, 
whila  tha  cj»  fiaialned  ai  ffiit  In  anjr  ana  pofal*  ahiiqaa^  diutady  wionld 
exhibH  nMoa  ar  lin  af  their  painted  ddee,  as  they  passed  through  their 
different  angular  positions ;  and  the  only  further  aJteration,  that  could  be 
produced  in  any  of  the  tints,  would  be  derived  from  the  different  degrees  of 
light  only.  The  same  effect  may  also  he  exhibited  by  mixint;  the  rohnira 
in  different,  proportion"?,  by  moniiH  of  the  penci!,  ^Knrinning  from  tlin-e 
equidistant  points  as  the  oentres  of  the  respective  colours.  (Plate  XXXX. 
Fig.  427.) 

The  ordinary  atmospherical  refraction  cannot  he  deteruiined  iu  the 
mnal  manner  from  the  knowledge  of  its  density,  and  of  the  angultf  diiea* 
tknof  the  hiddent  or  icfreeted  lights  siaae  theeeoetitationof  theatmo- 
iphen  ii  eneh,  theiHa  dniiljf  vaifaa  anrjr  when  with  Us  height,  and  the 
anrviilnia  af  tiM  enrllk*a  evftuNi  aeneoa  the  inelfainlkin  af  11m  itnta  thi^^ 
♦wMah  the  lay  |iaawn  ta  ha  ptrpelially  chwiged ;  thadUftrcneeof  tonper^ 
iua  at  cBffierent  elevations  increases  also  the  difficulty  of  in  axaefr  aaleala!* 
tion,  and  it  ia  only  very  lately  that  Mr.  Laplace,*  by  a  eemparison  of 
eetHnumdcal  with  meteoiological  obaervatione*  liae  given  a  eatjehetaiy 
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toiotkmof  tfaepiolkletniiiaU  Haoctont.  Bntforpraettbaliisa,  the  veflrao- 

tion  may  be  determined  with  sufficient  accunqr  an  approximation 
wblch  is  easily  remembered  ;  the  deviatton  being  at  aU  altitudes  one  sixth 
part  n!»  trrcat  as  the  refracted  ray  would  underp^o  nt  the  hoHi^ontal  surface 
of  a  medium  six  times  as  dense  as  tlie  air.  When  a  ceicHtial  object  nyipears 
exactly  in  the  1  mi  b  an,  it  is  actually  more  than  half  a  decree  Jniiuw  it, 
since  the  rciractiuu  luuuuntti  to  33  luiuuU^  when  the  barumeier  stands  at 
2e,V  inchee,  and  FalumiliiltPs  theimomttltr  ii 

Th»  aeddentel  ▼ariatloiis  of  the  tempentoM  of  tba  air  at  JHftiMd  ymtiu, 
ptroduoeii  however,  gteat  iixcgulanties  in  its  reliaaliany  eepedalij  near  the 
h(  ri/nn.   The  mostremarkahlc  of  these  is  occasioned  by  the  rare&ction  of 
the  air  in  the  neigUioiudMiod  of  the  surface  of  water,  of  a  building,  or  of 
the  earth  itself,  in  consequence  of  which  a  distant  object  appears  to  be 
depressed  instead  of  being  elevated,  and  is  sometimes  seen  at  tmce  both 
depressed  and  elevated,  so  an  to  appear  double,  one  of  the  images  being' 
generally  in  an  inverted  poiiition,  us  if  the  surface  possessed  a  reflective 
power;  and  tiieie  seems  indeed  to  be  a  eooaidiiftUe  analogy  botwoMi  tUs 
Icind  of  lefrMtion  nnd  die  total  rdleotion  wliieb  happow  within  a  denow 
medhun.  Thtae  eiiwie  aie  Imown  by  the  appellationa  looming^  mitngi^ 
and  Fata  Morgana ;  they  may  be  veiy  completely  imitated,  as  Dr.  Wollaa* 
txm  as  shown,*  by  lookhig  at  a  distant  objeet  along  a  red  hot  poker,  or 
throiiijh  a  saline  or  saccharine  solution  with  \vAt«-r  and  spirit  of  wine 
floutintr  on  it.    The  ed'ect  of  refraction  on  the  apparent  places  of  terrestrial 
(ilij  ct.H  must  be  fre(juently  distui  l»ed  by  circumstAnces  of  this  kiud ;  but 
its  magnitude  iu  usually  alK)Ut  one  tenth  of  tlie  angular  distance  a£  th» 
object^  conaidered  as  a  part  of  the  earth's  oimunltnBoe.  (Phite  XXUL 
Fig.d£B,429.> 

The  atmeaplieikal  pbeiMMnena  of  lainbowa  and  haloa  pwwirt  na  wUh 
examples  of  the  spontaneous  separation  of  eoloiirs  by  rtftaetloB*  The 
ndnbow  ia  universally  attributed  to  the  refraction  and  reflection  of  the 

J5un*s  rays  in  the  minute  drops  of  falling  rain  or  dew,  and  the  halos, 
iT-nally  ajipearing  in  frosty  atmospheres,  are  in  all  probability  itr  i  hiced  by 
tin  u  lraf'tion  of  small  triancnilar  or  hexaffonal  crystals  of  >-nu\v.  It  is 
only  necessary,  for  tlie  fonnation  of  a  rainbow,  tiiat  the  sun  should  shine  on  a 
dense  cloud  or  a  shower  of  nun,  in  a  proper  situation,  or  even  on  a  number 
of  i^vte  dropa  of  water,  icattwad  by  a  broah  or  by  a  syringe,  so  that  the 
%ht  may  reach  the  eye  after  Imiiag  andcKgeiM  a  eeitain  angniardevial^^ 
by  means  of  varioiu  re&actions  and  reflections;  and  the  drops  so  situated 
mnit  nrtmiarily  be  found  aomewhere  in  a  ooaieal  earfMe,  oi  mdiidi  the 
eye  is  the  vertex,  and  must  present  the  appearance  of  an  arch.  The  light, 
%vhieh  is  reflected  by  the  external  eurfacp  of  a  fplicre,  is  scattered  almost 
eiiually  in  all  dintliuns,  wttinjr  aside  the  ilillerence  ansing  from  tlie 
greater  etheacy  of  oljUijue  retlection  ;  but  when  it  first  enters  the  drop,  and 
is  there  reHected  by  ita  posterior  surface,  its  deviation  never  exceeds  a 
certain  angle,  which  depends  on  the  degree  of  refrangibility,  and  1%  tlMr»> 
fore,  diflerent  for  light  of  differsnieoloais;  aadthe  density  of  thalightbsiiv 
the  greatest  at  the  angle  of  jprsslsst  deviation^  the  appeaianoe  of  a  Inmi- 
t  Ph.  Tr.  1800,  p.  m  See  SlsD  ibid.  18<0,  p.  1. 
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noufi  arch  is  produced  by  the  rays  uf  each  colour  at  it^  appropriate  diA- 
tonce.  The  myt  wMoh  mm  Alitor  tlie  dfops  prodnet  no  other  effect 
than  tocMiee  *  brightncw,  or  haiinefliToand  tte  son,  where  the  Tefleetion  ie 
the  most  obliqiie ;  those  which  are  onee  nfleefted  within  the  drop  exhibit 
the  eonunan  intaraol  or  ptimuy  rainbow^  at  the  dlitaaee  of  aboot  41 
dflgiece  from  the  point  opposite  to  the  sun  ;  those  which  are  twice  reflected, 
the  external  or  seoondaiy  rainbow,  ol  52f ;  and  if  the  eflfeot  of  the  light, 
three  timee  reflected,  were  sufficiently  powerful,  it  would  appear  at  the 
distance  of  about  4*2  decrrees  from  the  sun.  The  colours  of  hoth  rainbows 
encroach  couhiderabh  un  i  ;Lt  h  utlier;  for  each  point  of  the  fim  niuy  be 
considered  as  atfordinji:  a  distinct  arch  of  each  cul  ar,  and  the  w  li  tle  disc 
as  pro<iuciug  an  arch  about  half  a  degree  in  breadth  for  each  kiuJ  of  light ; 
i»g  that  the  arrangement  nearly  resembles  tiiat  of  the  common  mixed  spec- 
Uum.  There  is,  howerer,  another  cause  of  a  further  mixture  of  the 
oolonre ;  the  arek  of  any  single  colour,  which  belongs  to  any  point  of  the 
eniiy  is  aeenratoly  dffined  on  one  ode  only,  while  on  iJie  otlier.it  beeomes 
gradually  fainter,  the  breadth  of  the  first  minnte  oontaining  abontfivo  timea 
aa  mncih  light  aa  a  minnte  aft  the  distance  of  n  qnarter  of  a  degree ;  the 
abrupt  termination  is  on  the  side  of  the  red,  that  is,  without  the  inner  bow, 
and  within  the  outer,  eo  thal^lor  this  reason,  the  order  of  colours  partakes, 
in  eome  degree,  of  the  nature  of  the  red  termination  of  a  broad  beam  of  light 
seen  through  a  pn«ni  ;  hut  it  is  more  or  less  affected  by  this  cause,  on 
account  of  wjnie  circiun^taiu  r^,  which  will  be  explained  when  we  examine 
the  supernumerary  rainbuwH,  wliich  s<jmetimes  accompany  the  bows  more 
commonly  obsen'ed.  A  lunar  rainbow  is  much  more  rarely  seen  than  a 
solar  one,  but  ita  coloui-s  diifer  ItUle,  except  in  intensity,  from  those  of  the 
common  rainbow.  (Flale  XXIX.  Fig.  430.) 

In  the  htgftest  notthem  Jatitndes^  when  the  air  ia  oommonly  loaded  wilk 
ffoaen  paitidei^  the  son  and  moon  nsoaUj  appear  snrroonded  by  halee  or 
oolonred  oireles^  at  the  diatanoei  of  about  22  and  46  Jsgiees  from  theb 
eentree;  this  appearance  is  aleo  frequently  obeerred  in  other  climates, 
especially  in  the  colder  months,  and  in  the  light  clouds  which  float  in  the 
highest  regions  of  the  air.  The  haloe  are  nanaliy  attended  by  a  horiaontal 
white  circle,  with  brighter  spots,  or  parhelia,  near  their  intersections  with 
this  circle,  nnd  with  portions  of  inverted  arches  of  vnriouR  cim-iiturt  s  ;  the 
horizontal  ciitle  has  al^n  shik  tiim  s  nntln  lia,  or  bright  npots  nearly  opposite 
to  the  sun.  These  phenomenn  liave  usually  heen  attributed  to  the  effect 
of  spherical  particlea  of  hail,  each  having  a  central  opaque  portion  of  a 
certain  magnitude^  mixed  with  obloi^  particles,  of  a  determinate  form, 
and  floatiQg  with  a  certain  constant  obliquity  to  the  hotiaon.  Bat  all 
theae  arbitmry  supposilion8»  which  wore  imagined  by  Hnygens,*  are  in 
themselm  eztramely  ccmplicaled  and  imptobabh^  and  are  wholly  nnafo- 
tbrtisedbyobesrratien.  A  mncfaeimpler,  and  more  natural,  as  well  as  move 
accurate  explanaUon,  which  was  suggested  at  an  earlier  period  by  Marioite,t 
had  long  been  wholly  loigotteii»  until  the  same  ids*  ooaurred  to  ms^ 

«  Ph.  Tk-.  1670,  T.  106S.  Op.  Rel.  vol.iI. 

t  Traitd  cU-s  Coiilruni,  Pm,  1666.    OSttV.  u272. 
;  Jour,  of  the  Roy.  InsC  ii.  4. 
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^wMiottt  way  pttvioaa  kmiftailge  rf  wfaM  Markltti  hid  <to».  ThaMfaml 

tendency  of  water  to  cryttalUae,  in  fteeiilig,  at  an  angle  of  60  degrees,  is 
mffieiently  otaUiahed  to  allow     to  aasame  this  as  the  constant  angle  of 

the  elemeTitAry  orvf^tals  of  snow,  which  are  ]>robablr  either  triangular  or 
hexagonal  ]n  isms  :  the  de\nation  pro<luee<l  by  such  a  prism  differs  very 
little  from  the  observe<l  Hngle  at  which  the  first  circle  is  usually  seen  ;  and 
all  the  principal  phenomena,  which  attend  this  circle,  may  be  explaiiked, 
by  BBpposing  tbt  iflda «f  the eryMM  t»  leMBMS  v«tM  or  »  horiimitel 
podtkw,  in  coaNqmiMeflf  <he  operatloD  of  gnTHy :  tint  llio  pariwiM^ 
whidi  aro  MXTBotimM  a  little  mote  dittaui  ton  the  sun  Hiantiie  halo,  an 
attvitnalcd  hy  lluriotto  io  the  refraction  of  ^b6  pfisms  whidi  are  situated 
Tertically,  and  produce  a  greater  deviation,  on  account  of  the  obliquity  of 
the  rays  of  liirlit  %rith  respect  to  their  axes.  The  hori^rontal  circle  may  be 
deduced  from  tlie  n  flection,  or  even  the  re|»eated  refrmtions  of  the  vertical 
facets ;  the  anthelia  from  two  refractions  with  an  intermediate  reflection, 
and  the  inverted  urch  from  tiic  increase  of  the  deviation,  in  the  hght 
passing  obliquely,  ttough  prinna  lying  in  a  boriaoolal  poiWon.  Tha 
axtenal  dnla  mqr  lie  attrihnted  eillHr  to  two  eneeeeiiTe  nftaetkne 
tluoiiili  dilRirait  piimi^  or  widi  greater  pvebaUfilT',  aa  Mi»  Cavandiiii 
has  suggested  to  me,  to  flie  efbet  of  the  rectangular  tenninalioiia  of  tka 
single  ciyetals.  The  appearance  of  colours,  in  halos,  is  nearly  the  sane 
as  in  rainbows,  hut  less  distinct ;  the  red  hehie  nearest  to  the  luminary, 
and  the  whole  halo  being  externally  veiy  ill  deemed.  (Plate  XXXX  Fig. 
44^1,  4:32.) 

From  the  observed  magnitude  of  tliese  halos,  I  had  concluded  th&t  the 
wfraeliye  power  of  ice  most  be  materially  less  than  tiiatof  water,  although 
eome  anilion  had  aaserted  that  it  was  greater ;  and  Dr«  WoUaiton  allar^ 
weede  taHky  oonllned  'tide  ooneliiiloB  by  neeaa  of  the  fmej  aeeuate 
Instrument  which  haaaiieady  been  deosribed  t  hie  measurement  agieobig 
pieeisely  %ith  the  mean  of  the  best  observations  on  these  halos ;  so  that 
ice  mmi  bo  eoniMeied  aa  the  leaet  lefeactive  of  any  known  enbetanoea  not 
aerifi»rT]i, 

Sometimes  tbe  figures  of  liaLis  iin<\  yKirlu^iji  are  oxtremt'l_\-  r( impli- 
cated, as  to  defy  all  attempts  to  account  for  the  formation  of  their  diffi  rent 
parts :  but  if  we  eramhie  the  repreoentatione  wfaioh  haive  been  given,  by 
Tiilone  anthon^  of  the  multiplicity  of  capridone  fbrma  Anqnently  eewmeii 
by  theilaheeof  enow,  weahall  see  no  leeson  to  think  tfaeafi  hiadeqnale  to 
the  peoinetiiin  of  all  th^  appearanoee.  <F]rte  XXIX.  Fig.  433, 434.) 

Tlie  most  dbignler  of  all  the  phenomena  of  lefmction  is  perhaps  the 
property  of  some  natural  substanrefl,  which  hare  a  double  effect  on  the 
light  transmitted  throncrh  them,  as  if  two  mediums  of  different  densities 
freely  pervaded  each  other,  thf  one  only  acting  on  some  of  the  rays  of 
light,  the  other  on  the  remaining  portion.  Theee  substances  are  usually 
crystallized  stones,  and  their  refractions  have  sometimes  no  further  pecu- 
liailty ;  bvt  the  xlMBboidal  ayetele  of  eaiearioiie  spar,  oonaMwdy  eAdI 
Iceland  eiyeteli^  pome«<lie  remarkable  property  of  eipaiaSiiveuflh  pencOa 
of  Ught»  ee  fall  perpendienkrlSy  on  theniy  into  two  paite^  one  of  them  only 
being  tnnamitted  in  the  oenal  manner,  the  other  being  deflected  towards 
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Hayg•IU^t  oonfiniiid  And  eztoided  by  Dr.  Wol]Aito%:(  tluil  the  medlmn, 
whieh  mmm  the  uniasiuil  nfraetioo,  hw  »  diffmnt  refimotivie  povm^ 
soeording  to  the  dixeotkni  in  which  the  light  passes  ihnofjk  it,  and  tha^ 

if  an  oblate  or  flattened  spheroid  be  described  within  a  crystal,  its  axis 
being  in  the  middle  of  one  of  the  obtuse  solid  anglei^  and  its  principal 
diameters  in  the  proportion  of  9  to  10,  the  refmctive  power,  with  respect 
to  light  passing  in  any  direction,  will  always  1)p  inversely  as  the  diameter 
of  the  spheroid  which  is  parallel  to  it ;  and  where  it  is  greatest,  will  l>e 
equai  to  that  of  the  mediuiii  which  jtruducLS  tlie  usual  refraction,  of  which 
the  index  is  |.  A  ray  of  light,  falling  pfrpeudicularly  on  any  surface  of 
the  spar,  its  point  of  incidence  being  considered  as  the  centre  of  the  spher* 
oid»  will  meet  the  eubea  of  the  apheMld  at  the  point  where  H  ie  panllel 
to  that  of  thB  tptat;  uid  a  r*y  uMndent  on  the  same  snrfiwe  in  any  other 
diiectioiiy  win  pneem  a  lelation  to  the  peiptndieakr  iaj»  wbioli  ia  neatly 
the  eame  as  in  ordinary  refraciiMi.  (Plate  XXIX.  Fig.  iSft.) 

It  is  also  remarkable,  that  the  two  portions  of  light,  thna  aepaiiftedy  will 
not  be  further  subdivided  by  a  traaimlirion  through  a  second  piece,  pro- 
vided that  this  piece  be  in  a  position  parallel  to  that  of  the  first ;  hut  if  it 
be  placed  in  a  transverse  direction,  each  of  the  two  pencils  will  l>e  divided 
into  two  others ;  a  circumstance  which  appears  to  be  the  most  unintel- 
ligible of  any  that  has  been  discovered  respecting  the  phenomena  of  double 
refraction. 

The  appearances  of  colours,  wliick  are  produced  by  transparent  plates 
of  dUfitoant  thfaknessee,  and  of  those  whioli  aia  aean  in  light  Taiiously 
difflracted  or  inileetwi,  will  be  more  oouTeniently  oxamined^  when  we  in« 
m^Ogtkb  the  iwHrnata  natnit  of  ligM»  auios  thn  ganwal<npl«a(iienof  th^ 
oohyus,  which  will  then  he  gxren,  will  enable  ne  to  follow  them  throogb 
all  their  varieties,  with  mneh  move  eoae  than  oenld  he  done  at  present^ 
without  ths  help  of  seme  IheMryraveettngthefarorighi. 
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ON  VISION. 

The  medium  of  communication,  by  which  we  become  acquainted  with 
all  the  objecta  that  we  liave  been  lately  (.oiisidering,  is  the  eye;  an  ortrau 
that  exhibits  to  .'in  ntttmtive  ulj&ei  vtr,  an  arranircment  of  various  sub- 
stances, so  correctly  aaJ  delicately  adapted  to  the  purposes  of  the  senae  of 
▼iaion,  that  we  cannot  help  admiring,  at  every  step,  the  wisdom  by  which 
«Aeh  part  is  adjusted  to  the  n8t»  and  made  to  oonsi^  in  elfoet8»  so  femete 
from  what  the  mere  extenial  appeanmoe  promisee*  that  we  ha?e  onlj  been 
able  to  undentandy  by  means  of  a  Ubonous  investagstton,  the  natme  and 
operatioBs  of  thu  wondeifnl  stractnie,  while  its  whole  mechanism  skill 
remains  fisr  beyond  all  rivalship  of  human  art. 

.  The  eye  is  an  irregular  q»heroid,  not  very  widely  diffenn^^  from  a 
sphere  ;  it  is  principally  composed  of  tran««parent  substances,  of  various 

refractive  densities,  cMlculated  to  collect  tlie  rays  of  light,  which  diverge 
from  each  point  ot  an  object,  to  a  focus  on  its  j>o«terior  surface,  which  is 
capable  of  trauaniitting'  to  the  min<l  the  ini]»rrs>iiiii  of  the  <  tluur  and 
intensity  of  tlie  light,  together  with  a  distinction  ot  tiie  situation  of  the 
focal  point,  as  determined  by  tl^  angular  place  of  the  object.  (Plate 
XXX.  Fig.  436.) 

.  The  first  refraction  happens  at  the  surfsoe  of  the  cornea,  or  thai  tiaae- 
parent  cost  which  projects  forwards  fstm  the  ball  of  the  eye :  but  the 
cornea,  being  rcry  near]|y  of  equable  thickness,  has  little  effect  by  ite  own 
refractive  "power,  and  serves  only  to  give  a  proper  form  to  the  aqueous 
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l^ttmonr^  whkli  fills  Its  ooMTity,  tod  dSitradi  it  This  bumoiir  it  ftr^ 
tially  divided  by  the  uvia  or  im»  which  is  of  differait  colours  in  diilcffeiit 
penons^  having  a  pofontion  in  its  centra,  csUsd  the  pii|^  Jnunedistdy 
behind  the  uvea,  and  closely  connected  to  its  base,  are  the  ciliary  processei^ 
the  Bommits  of  which  hang  like  a  short  fringe^  befora  the  aystalline  letu^ 
a  substance  much  more  refractive  than  the  aqueous  humour,  and  increas- 
ing in  density  towards  its  centre.  Tlu>  remaining  cavity  is  filled  by  an 
aqueous  fluid,  lodged  in  a  cellular  texture  of  extremely  fine  membrane, 
and  called  the  vitreous  humour.  The  retina  lines  the  whole  posterior 
part  of  this  cavity  ;  it  is  semitran»parent,  and  is  8np]M  i  tr  l  l»y  tlie  ihuioid 
or  cliorioid  coat,  a  very  opaque  black  or  brovvu  meia brant,  coutiuued  from 
tiie  uvea  and  ciliary  processes ;  but  immediately  where  the  xetina  is  con- 
nected with  the  optic  nervfl^  the  choroid  Is  neoesssnly  peifointed ;  and  at 
this  part  a  small  portion  of  the  retina  is  neariy  insensiblOi  The  whole  is 
snnonnded  by  an  opaqne  continustion  of  the  eoineo»  csUed  the  sdeiotica. 

The  raya  of  light  vdiidi  have  entered  the  cornea  and  pasMd  through  the 
pupil,  being  rendered  still  more  convo  ^eat  by  the  orystsIUne  lens>  are 
collected  into  foci  on  the  retina,  and  form  there  an  image,  which,  according 
to  the  common  laws  of  refraction,  is  inverted,  since  the  central  rays  of  each 
pencil  cross  each  other  a  little  Ijehind  the  pupil ;  and  the  irnag;©  may  easily 
be  seen  in  a  dead  eye,  by  Uyixig  bare  the  posterior  surface  of  the  retina. 
(PlHt4>  XXX.  Fi<,^  437.) 

iiy  aieann  of  this  arrany^einent  of  the  various  refracting  substances, 
many  i>eculiar  advaiitagea  are  procured.  The  surface  of  the  cornea  only, 
if  it  had  been  more  convex,  could  not  have  collected  tlie  lateral  rays  of  a 
diiect  peneil  to  a  perfect  focus,  without  a  diifarent  curvatnte  near  its 
edges ;  and  then  the  obUque  pencils  would  have  been  subjeoled  to  greater 
aberratioii,  nor  could  they  have  been  nude  to  converge  to  any  focus  on  the 
retina.  A  eecond  r^raction  peifotms  both  theie  offices  mudi  more  com- 
pletely, and  has  also  the  advantage  of  admitting  a  griatsr  quantity  of 
light.  If  also  the  surfaces  of  the  crystalline  lens  thus  interpoeed^  had  been 
abrupt,  there  would  have  been  a  reflection  at  each,  and  an  apparent 
liazine.«»8  would  have  interfered  witli  the  distinct  view  of  every  luminous 
object;  but  this  inconvenience  is  avoided  by  tlie  gradual  increase  of 
dcubity  in  aj  proacliing  tiie  centre,  which  also  makes  the  crystalline  equiva- 
lent to  a  much  more  refractive  ^lubstauce  of  e<}ual  magnitude ;  while,  at 
the  same  time,  the  bmaikr  deu^sity  of  the  lateral  parts  prevents  the  usual 
ahenation  ef  spherical  surfaces,  occasioned  by  the  too  great  rafractioR  of 
the  Isteral  raye  of  direct  pencils,  and  cansee  ahw  the  focus  of  esch  oblique 
pencil  to  faJi  either  accurately  or  very  nearly  on  the  concave  sutImss  of 
ths  retina,  throughout  its  extent 

Opticians  have  often  pussled  themadvea^  without  the  least  neoesnty,  in 
order  to  account  for  our  seeing  objects  in  their  natural  erect  position,  while 
'  the  image  on  the  retina  ii  in  reality  inverted  :  but  surely  the  situation  of  a 
focal  point  at  the  upper  part  of  tlie  eye  could  be  no  reason  for  supposing  the 
object  corr«>ffpnn(linL'  t'>  it  to  be  actually  elevated.  We  call  tliat  the  lower 
end  of  an  object  is  next  t*>  the  ground  ;  and  tlio  image  of  the  trunk 

of  a  tree  being  in  contact  with  the  im^e  of  the  ground  ou  the  retina, 
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may  nfelnniy  mppote  the  tmk  itnlf  to  b»  In  eonlMl  with  the  acted! 
grouiid ;  th0  inage  «f  the  biwohfle  btlng'  mum  wmnxM  from  Hhai  of  the 
gimiiid^  we  Biicmiriiy  liif«r  thAt  the  branches  afe  hi||Mr  end  the  teuk 
lower :  and  it  is  nach  topler  that  we  shoald  compaie  the  image  of  the 

ioor  with  the  image  of  mr  feet^  with  which  it  is  in  oentact,  than  with  tiM 
actual  situation  of  our  forehead,  to  the  iina^  of  the  floor  on  the 

retina  is  only  accidentally  near,  and  with  indeed  it  would  perhaps 

be  im  possible  to  compare  it,  as  far  as  we  jud^  hy  the  immediate  aensa- 
Uons  only.* 

We  might  indeed  call  in  experience  to  our  assistance,  and  habitually 
correct  the  errors  of  one  sense  by  a  comparison  with  the  perceptions  of 
melher.  Bat  it  appeui  tiiat  aone  pUkMOfhtn  have  ban  toe  hairtgr  im 
aappoaiiig  tiiat  the  ma  of  all  eur  aenaaa  le  darived  from  ezpaiiaMe  akmv 
and  indhlbelieviagtfaaexialaaoeor  hiitfaMi  bd^andentflf  il,  Witfaeat; 
aij  other  aatiioiily  flian  tfial  ef  ttdr  owa  fwaginatiewi^  thcQf  haea  dnied 
the  observation  raeoided  by  GakOy  on  the  instincta  of  a  kid»  whioh  ia  eofii- 
dently  credible  to  countarbalanee  mnch  more  than  bate  iiailtiiiil.  The 
instant  after  its  birth,  aooompanied  by  the  loss  of  its  mother,  the  little 
animal  ran  to  ^me  green  regetables,  and  liaHng  first  smelt  them,  chewed 
and  •swallowed  them.  The  kid  conld  have  Ijeen  taught  by  no  experience  to 
Ik?  ti'injiti  -1  by  the  sight,  to  act  with  tlie  proper  muscles  of  locomotion,  to  tjo 
near  aiui  sim  li,  and  to  he  induced  by  the  smell  to  masticate,  and  hy  the 
taste  to  swallow  atul  digest  Oa  food,  had  it  not  been  provided  with  some 
fundamental  instinct,  by  the  same  intelligence  which  so  calculated  the 
a^joatananta  of  the  eys^  that  ttw  laaa  ihoakl  be  able  to  prodaea  a  petiwi 
image  of  every  object,  aad  that  the  retina  Aoald  be  of  tlial  pieebD  ftan, 
whiflh  ia  azaetly  Mited  to  the  feeefition  of  tlia  imige  to  be  deleted  on  iL 

Thb  whole  aarfiMe  of  the  retina  eppmn  to  be  naoaDy  oeeapied  by  each 
an  imi^,  but  it  ia  not  all  of  equal  sensibQity ;  a  eertaia  portion  only,  near 
the  axii^  is  capable  of  conveying  distinct  impressions  of  minute  objects. 
But  the  perfection  of  this  limited  distinctness  ia  a  fur  greater  advantage  to 
uf,  thnn  n  more  extensive  field  of  moderately  ftceurate  vision  would  have 
boon  ;  for  l)y  incaTis  of  the  extt'inal  muscles,  "^vr  can  easily  so  chan^"*'  thf' 
position  of  the  eye,  that  tlie  image  of  any  object  befori  vis  may  l  e  made 
to  fall  on  the  most  sensible  part  of  the  retina.  We  m:iy  ii;id»iy  observe 
the  want  of  bentmtion  at  tlie  entrance  of  the  optic  nerve,  by  placing  two 
candles  so  that  the  distance  of  each  from  the  eye  may  be  about  ttmr  tfaaae 
their  diatonee  from  aaeh  other:  then  if  wa  ^Hieet  oar  right  eye  to  the 
left  hand  eandla^  the  lif^t  luuid  eaadla  will  be  loot  in  a  oonfiiaad  mam  of 
frdnl  ligfat»  its  image  cm  the  zethmfrmogoa  the  pobt  at  which  ito  aaaai- 
UUty  ia  d€fident.t 

♦  Coniolt  BerkeW  on  Vinon,  Dob.  1  700.  Lecat,  Traits  de«  Sens,  1767.  Wal- 
ter, Berlin  Mem.  1788,  p.  3.    Wells,  Essay  on  Single  Vision,  1791.    WoUaston.  . 
Ph.  Tr.  1824.  p.  222.    Berthold,  Ueber  dm  Aiaftecht-rrHcheineti  der  Gevicht  >1> 
iect«.  Gott  18:^0.    Bflrtels,  Bcteiie  far  fiqrs.  das  Gesicbtsinnss,  Bad.  1834. 
Volktnaim,  do.  Lcipz.  1836. 

f  A  better  wav  of  doing  thia  u  to  make  two  blots  on  a  sheet  of  paper,  aboat  foor 
inches  apart,  and  to  Iwk  attrntively  with  the  rifiht  eye  on  that  which  !ir<^  tn  the  !eft 
hand :  the  eye  being  placed  right  over  it.   When  the  eye  is  raised  to  the  beight  of 
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When  the  attention  it  not  directed  to  any  particular  object  of  sight,  the 
pow«n  of  Um  9y9  an  adaptod  to  Hm  fontttioa  pf  an  iniage  of 
objoctoai  a  Mrtafai  diataiiQeoii]y,iiUdi  bdiflteant  indiffbraft  indindiiaisy 
aod  also  gaamtJlj  inomaa  witib  InenadDg  age.*  T1iii%  if  we  open  onr 
eyelids  Mtddenljr,  witfumi  paiiieplar  pffepantion»  wt  And  dial  diitaat 
otjeci^  only  appear  aa  diatinot  aa  we  am  able  to  make  them  ;  Imt  by  an 
emtion  of  tlie  will,  the  eye  mny  be  accommodated  to  the  distinct  peroq)- 
tion  of  nearer  objects,  yet  not  of  objects  wHliin  certain  limits.  Between 
the  flfrps  of  40  and  50,  the  refractive  powers  of  the  eye  usually  bctjin  to 
diminish,  but  it  RomefiTnp*^  happens  that  where  they  are  already  too  great, 
the  delect  continues  uiiakfred  to  an  advanced  ns^e*  It  appean?  also  tliat 
after  50  or  60,  tho  power  of  chans>ing  the  focus  of  the  eye  is  always  much 
impaired,  and  sometimes  wlioUy  lust. 

The  mode,  in  which  the  accommodation  of  the  eye  to  different  dlstaneea 
la  effiMted,  haa  long  been  a  subject  of  inveatlgafeioa  and  diapinto  among 
optieiaiia  and  j^yaiologists,  but  I  apprdund  tfaat  at  pneent  there  ia  Uttle 
ferthor  room  for  doubting  that  the  ehaoge  ia  prodnoed  hy  an  inetease  of 
ibe  eouTOxitf  of  tfae  oiyetalliiie  lena,  axiaing  ftom  an  intanial  canae.  The 
aigamenta  in  favour  of  this  conclusion  are  of  two  kinds ;  aome  of  them 
arr  TtPLTative,  derived  ham  the  impossibility  of  imagining  any  other  mode 
of  performing  tiie  aeeommedationy  wiUiout  exo^ing  the  limits  of  the 
actual  dimensions  of  the  eye,  and  from  the  examination  of  fb«^  evp  h\  its 
diflferent  states  by  several  tests,  capable  of  detecting  any  utlscr  changes  if 
they  bad  existed  :  for  example,  by  ilie  application  of  wat'  r  to  the  cornea, 
wiiich  completely  removes  the  effect  of  its  convexity,  witlujut  impairing 
the  power  of  altering  the  focus,  and  by  holding  the  whole  eye,  when 
turned  inwards,  in  such  a  manner  as  to  render  any  material  alteration  of 
tta  langlli  utterly  Impoailbleu  Other  aigumeata  am  dedveed  fnm  poaillTO 
avidenee  of  the  ehange  of  farm  of  the  eiyahilliiie*  foniiahcd  by  the  parti* 
enlar  eflbeta  of  tefiraolion  and  abenatign  which  are  obaerrable  fn  the 
diflbfent  atatea  of  the  eye;  eflbeta  wfaieh  ftinitah  a  diieet  proof  that  tho 
figure  of  tho  lane  must  vary  •  ita  anrflwea^  whidi  aie  nearly  spherical  in 
the  quiescent  form  of  the  lens,  assuming  a  different  determinable  enrrature 
when  it  is  called  into  exertion.  The  objeetiona  which  have  been  made  to 
this  conclusion  arc  founded  only  on  the  appearance  of  a  j«light  alteration 
of  focal  length  in  an  eye  from  wlncb  the  cry^tfilline  had  heeri  oxtnu  tcd  ; 
but  the  fact  ib  neither  sufficiently  ascertained,  ni>r  was  the  apj)arent  change 
at  all  considornMo  :  and  even  if  it  were  proved  that  an  eye  without  the 
lens  is  capahle  of  a  cerkiin  small  alteration,  it  would  by  no  nieana  follow 
that  it  could  undergo  a  change. five  times  or  ten  times  as  great,  t 

about  11  inches,  the  second  spot  disappeiirs  ss  though  it  had  pas.«<  (i  under  a  curtain  : 
on  eontiaaiiif  to  lift  the  head,  die  »pot  will  reappear  when  the  eye  ia  about  15  inches 
from  tJif  pappr.  Tlii?  wns  pointed  out  by  Wariotte,  Ph.  Tr.  1668,  p.  668  ;  1C70, 
«p.  1023.  On  the  vaiiuJiiDg  of  images  at  points  not  coinddent  with  the  entnmce  of 
the  optkr  nerve,  oonsult  Brewster't  Jour,  of  Sd.  fit.  2S9. 

*  (>n  the  effects  of  attention  in  vision  see  PurVinje,  rit'ohnrlitunjjen  znr  Phypio- 
logie  der  Sinne,  vol.  i.  Prag.  lt^23 ;  vol.  ii.  Reriin,  1825.  Uecnnana,  Ueber  di« 
Bildung  der  Ge<icht»vor8tellunip[en,  Hanover,  1835. 

t  Consult  Peinbcrton,  De  Facultate  ()c.  sd  IMvenu  Diat.  ae  AcroDnmodandi, 
Leg.  Bat.  1719.  Camper,  De  Ocnlo  Huinano,  Lug.  Bat.  1742.   Albiiuis,  Lug. 
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Tlw  Ml  tami^  by  iliTafkbfeaBagiiitada^lomiii4iflM«icrlM«f  Ifce 

Hull!  fiilliiifl  nn  lliii  iiilfiiai^  wimii  ill  iiilwMiili  mmU  iithiii  whii  1ni  tun  gtmt . 
hence  the  pupil  U  usually  *  lij  lij,  tlid  its  increiMd  magnitudi  aft 

night  Bometimee  gives  the  eye  i  gmter  apptrent  liubre.  The  iris  also  attar- 

copt*  Btirh  rays  as  would  fall  on  parts  incapable  of  refractin"  them  reetj- 
iarly  ;  and  by  its  contraction  when  a  nearer  object  is  viewed,  it  lessens  the 
confusiou  wliieh  would  arise,  in  puch  eves  as  canMot  accommodate  them- 
s^lvea  ttufticieuily,  from  the  luaguiiude  uf  the  imperfect  fuc&l  points  on  the 
MftiM,  SachacMiteitbn  ihnoat  alwiyi  iwompMrin  tin  iiminiiiiiwi  if 
tiM  fBcil  lanfliil^  tfm  m  A  pvte  eye,  aad  it  IM^ 
hy  wtMng  gndnaUfy  up  to  a  looking  fliM^  tad  iitm  riiii  Ihi  m^ritnii 
of  the  pupil  as  wo  i^ptoieh  nearer  and  nearer  to  ov  image.  It  would  bo 
difficult  to  assign  a  reason  for  this  change  of  the  state  of  the  pupil  withm 
the  limits  of  i>erfect  vision,  unless  we  nllowed  the  in^gularity  of  the  form 
assumed  bj' the  marginal  ]ifirts  of  the  crvstalline  len«.  The  irifi  is  also 
peculiarly  useful  in  excluding  such  parts  uf  lateral  pencils  of  light  as 
fall  very  obliquely  on  the  cornea,  and  are  too  nmch  refracted,  while  a 
■naOer  pencil  only,  which  enters  ihe  eye  more  direetly,  is  admitted  ii^ 
the  pupiL 

I^f«&aolivopoir«oaiid  pfep«llaicf  tlioigroaii^Wf«70inMi«iti{f 
oaoirtiyiiod  by  moiaa  of  an  imfcmiiiint  to  which  I  have  given  tiie  Bamo 
optometer,  a  tem  fint  omployod  in  a  wmi  niaify  limilar  hy  Dr.  Poitov- 

field.*  If  two  or  more  separate  parcels  of  the  mys  of  the  same  pencil  be 
admitted  at  diatiint  ]>arts  of  the  pupil,  they  will  only  be  reunited  on  tlie 
retina  when  the  focus  is  ]x  rtn  t,  so  that  if  we  look  through  two  small  |>er- 
forations,  or  sUt^  at  a  minute  object,  to  Uie  distance  of  which  the  eye  i^ 
not  accommodated,  it  will  appear  as  if  double ;  and  when  the  <^j«ct  is  a 
lino  dlicetid  niorijr  towardi  tfio  eye,  each  point  of  it  will  appear  4o«Ui^ 
ososptftliat  whkhiiatthodiatanooof  petfeit  ^moOf  and  an  iiagi  of  two 
linMwill  beiMo,  oMMiingoaGliotlMr  in  tldi  point;  la  lliat On mMMUo- 
ment  of  the  focal  length  of  the  eye  is  immediately  performed  by  inspection 
of  the  optometer  only.  The  scale  may  be  extended  by  tiie  addition  of  a 
lens,  which  enableH  nn  t^)  produce  the  offiBCt  of  a  longv  Usk^  wUlo  till 
inKtrument  still  rfiiiiiiiis  purtulile. 

VVheu  the  lm'c  is  |Mi>-fSM'd  of  tuu  great  a  rrfractive  jHiwer  for  the  distinct 
perception  uf  diataut  ubjucts,  the  pupil  is  generally  large,  so  tliat  the  confu- 
iim  of  tho  im^  ii  Mnowhat  Wieenod  hy  pav^y  dosing  the  eyeUds ; 
and  from  tfaii  habit  an  oyo  lo  fonnod  ii  catkd  myopia.  In  mcii  oaM^  by 
tbo  help  of  a  oonoato  kB%  Iho  dlYWgmeo  of  tho  layi  of  light  bo 
increaied,  and  a  virtual  image  maj  be  formed,  at  a  distance  so  macb 
smaller  than  that  of  the  object  aa  to  afford  perfect  vision.  For  a  long 

Bat.  1746.    Le  Rov,  M4m.  sur  la  MIe.  par  leqael  V(EH  I'Accommode.  Hut.  el 
Mte.  1755,  p.  5M.  CHbers,  De  Oedi  MoMioidbas  lotoiils,  4to,  Gott.  1980.  • 
Younij,  Ph.  Tr.  1793,  p.  160  ;  p.  23.    De  Corp.  Hum.  Viribiis  Conesrva- 

tridbuii,  Gott.  17«0.   Honter.  Ph.  Tr.  1794,  p.  21.   Home,  ibid.  1800,  p.  146. 
Branslsr  in  EdL  Jonr.  of  Sdenee^  i.  77.  TtwAnmm,  wvr  Anal,  der  SiiiMsimk. 
leoge,  182S.  K,.lrm).sch  on  Trcrirajins'  ITvpoth.  1S.?7.  !,iirhtTiinn.  De  liotrtioal 
OeuU,  Tr.  ttd  Hheaum,  1B32.    Simonuff,  Jour.      I'hjuol.  iv.  260. 
«  Ediob.  Med.  Enays.  h.  18ft. 
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iiighted  or  pr(»»il)y*iiiic  eye,  on  the  contrary,  a  convex  lens  is  lofpiired,  iu 
order  Ui  ol»Liiu  a  virtual  ifURire  at  a  greater  distance  than  tlit*  object;  and 
it  ofteu  happens  tliat  the  rayti  must  be  made  not  only  to  ili verge  leas  thau 
Mon^  Imt  even  to  oonrerge  towarda  a  focus  behind  audi  an  eje^  la  otiu 
to  nafce  ito  ?Uoil  dktinol.  Pteebyopic  peraoni  liMre  in  geiMnil  •  imatt 
papil,  and,  i3b0nton,  nUom  aoqirin tht  haMt af  «ov«ing  any  partol  U 
with  ihflir  ejrdidfl. 

Whm  thft  imagii  of  iSkt  aano  olvfaot  ftfi  on  otitaln  OMfMpoadiag  point* 
of  the  retfna  in  mA  igre^*  Ifaij  appear  to  the  eeiutoiilfaa  oiio;  but  if 
iOuf  taJH  on  parts  not  ooiTMponding,  the  obje^  appears  double  ;t  and  in 
j?eneral,  all  objects  at  the  same  distance.  In  any  one  poeition  of  the  eyes, 
nppcnr  nlike  either  donhle  or  ningle.  The  optical  axes,  or  tho  dircrtinna 
of  the  rays  falliiiir  rin  the  points  of  mont  perfect  vision,  natii rally  meet  at 
a  ereat  distance  ;  tliat  is,  they  are  nearly  parallel  to  ( ;ieh  other,  and  in 
lo4iking  at  a  nearer  object  we  make  them  converge  towards  it,  wherever  it 
may  be  situated,  by  means  of  the  external  muscles  of  the  eye ;  whiie  in 
perfect  eyes  the  refractive  powers  are  altered,  at  the  aaae  time,  by  aa 
inToliiDtary  sympathy,  so  aa  lo  Horn  a  Miw*  Ifliage  of  aa  object  at  tlia 
gim  diataDoe.  Thia  oorrespondanea  of  tha  altaatioa  of  tho  ana  wilk  tha 
tocA  kogth  ia  ia  moat  oaasa  nnallan.Ua ;  Intt  aoma  haf«  pailiapo  a  power 
of  dennging  it  In  a  rfigbt  d^gvec^  and  in  olliaia  tiia  a^jjatlnaat  la  lupaiw 
ftet:  hot  tba  ayai  seem  to  be  in  moat  panooa  inseparably  oonnaolad  toga> 
flier  with  respect  to  the  oiiaDges  that  tlieir  fefhiefelve  powers  nndeigo^ 
although  it  sometimes  happeoa  that  thoea  poweia  an  origiaally  imj  dtf> 
fo^nt  in  the  opposite  eyes.  ^  * 

These  motions  onaMe  n**  to  jiif^TC  pretty  accurately,  within  certnin 
limits,  of  the  diiitance  of  an  object ;  and  beyond  these  limits,  the  licj^ree 
of  distinctness  or  (infusion  of  the  image  still  c^ntinu^  to  assist  tlie  ju<i^:- 
inent.  We  estimate  distances  much  less  accurately  with  one  eye  tlian 
witli  ho^  mnce  we  are  deprived  of  the  assistance  usually  afiforded  by  tho 
nlalifo  iitaation  of  ttw  optfoal  am ;  tkna  wa  seldoni  anooead  at  oaeo  in 
attempting  to  pan  a  flngw  or  a  booM  rod  aideways  through  a  xing»  willL 
one  eye  sttirt.  Oar  idea  of  dirtmoa  is  abo  naoallj  Kgnlatad  by  a  know- 
ledge of  tbs  real  nagnllnda  of  aa  ob^aet,  wlitts  wo  ubssifi  tit  aagnlar 
magnitode ;  and  on  the  other  hand  a  knowledge  of  the  real  or  imaginary 
diataneaof  th>  (  hjoct  often  directs  our  judgment  of  its  actual  magnitude. 
The  quantity  of  light  intercepted  bjthe  air  interposed,  and  the  intenai^ 
of  the  hlue  tint  which  it  occasions,  are  also  elements  of  our  involuntary 
cnlrnlntinn  :  hencOs  in  a  mist,  the  obscurity  incrensps  the  fippannit  flistnnrc, 
am]  CI  nscijiiently  the  8up]>r>sed  magnitude,  of  iin  iinl:nr>wn  oi)jet't.  We 
naturally  observe,  in  estimating  a  distaroe^  the  number  and  extent  of  the 

♦  On  eorr(  j;]ionding  points  of  the  two  retinte,  see  Newton,  Op.  Qa.  15.  Wol- 
laston.  Ph.  Tr.  1H2I.  On  single  vision,  see  Lr  Clerc,  Purix,  1079.  Welln.  I  oim!. 
1791.  Herholt,  Kopeuhag.  1814.  Wollabloa.  I'h.  Tr.  1U24,  p.  222.  Twuuiijf. 
Bd.  Jonr.  fai.  143. 

"f  The  most  ■^^implr  iruKle  of  witnc?FTnc:  this  is  tn  ylnrc  a  nmall  wafer  on  a  pane  of 
a  window,  and  to  look  attentively  through  that  pane  at  a  weU>defiiied  object  without 
SO  as  to  6x  the  dlieelioo  of  tte  sies  of  the  eyes.  The  spot  will  be  distinetlf 
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iQtervening  objccU ;  ao  that  a  distant  church  in  a  wooUy  auJ  hilly*  country 
appean  mora  remoto  than  if  it  wen  atualed  in  a  plain ;  and  for  a  Amilar 
faaaon,  tiia  apiiannt  diilaiiM  ot  an  objoet  aeai  at  aaa,  ia  aaiaUer  tliaii  iia 
Inia  dialaiioft.  The  aiy  of  Loqdoo  la  nnqoaalioaaUy  laijger  lliaii  Pane; 
bnt  the  dUftvenoe appean  at  fint  sl^i  mndi  gieater  than  it  laaUy  ia;  and 
the  smoke,  produced  bjr  the  coal  fiiea  of  London,  ia  piobaUy  the  prindpal 
cause  of  the  deoeption. 

The  sun,  moon,  and  stars,  are  much  less  luminous  when  they  are  near 
the  horizon,  than  when  they  are  more  elevated,  on  account  of  the  greater 
(jnriTitity  of  their  light  tliat  is  )iit<;rce|)ted,  in  its  longer  passaj^e  thrtui'rH 
the  alniosj)ln're  :  we  n\so  observe  a  nuicli  greater  variety  of  ncnrtT  objms 
almoijt  in  tiie  m.inv  Uirectiou:  we  cann»»t,  therefore,  help  iniagiiuni;  them 
to  he  more  distant,  wlicn  they  rise  or  set,  than  at  other  times  ;  a.\\d  since 
they  subtend  the  same  angle,  they  appear  to  he  actually  larger.  For  eiiuilar 
leaeona  the  appavmt  figon  of  the  starry  beayens,  even  when  free  £rom 
doudi^  ia  that  of  a  flattened  yanlt,  ita  annimit  appearing  to  be  nrndk  neanr 
to  oa  than  its  horiaootal  parta^  and  any  of  tlie  eonsteUationa  aoema  to  be 
flonaiderably  iaigor  wlun  it  ia  near  the  hoiiaon  than  whan  in  the  nenith.* 
(Plate  XXX.  Fig.  438.) 

The  faculty  of  judging  of  the  actual  dbtance  of  objects  is  an  impedi- 
ment to  the  deception,  which  it  is  partly  the  business  of  a  painter  to  pre* 
duce.  Some  of  the  eflFects  of  ohjects  at  different  distances  may,  howerer, 
hf  iniitatt'd  in  painting  on  a  plane  surface.  TIuih,  su]i]iof>ini?  the  eye  to  he 
accoiiunodated  to  a  given  distance,  ohjertn  at  ol!  <itii(  r  di'-taTirps  may  he 
represiented  witli  a  ccrtaiti  indistiuctn^s  of  outline,  whicli  would  accom- 
pany the  images  of  the  (I'jtct.s  thenifielves  on  the  retina:  and  this  indis- 
tinctness is  so  generally  nece&sary,  that  its  abtience  haa  the  disagreeable 
tfftd  <»med  hardness.  The  apparent  magnitode  of  the  subjects  of  out 
design,  and  the  ralativo  aitnttfions  of  the  inlenreoisg  objects,  may  be  ao 
hnitated  by  the  mka  of  geometrioal  perspective  aa  to  agiee  perMly  with 
aatnrs,  and  we  may  still  hirther  improre  the  repieeentation  of  diataiiee  by 
attending  to  the  art  of  aerial  ptt^peettve^  which  oonsiits  in  a  due  obeerr^ 
lion  of  the  loea  of  light,  and  the  bluish  tinge^  oecasioned  by  the  intanpori* 
tion  of  a  gteatar  or  lem  depth  of  air  between  na  and  the  diftieBt  parte  of 
theaeenefy. 

We  cannot  indeed  so  arrange  the  picture,  that  either  the  focal  length 
of  the  eye,  or  thf  positinii  of  the  optical  axes,  nuiy  Ik^  hucIi  n-^  wrmld 
required  by  the  actual  ohjccta ;  but  we  may  place  the  picture  at  such  a 
distance  that  neither  of  these  criterions  can  have  much  power  in  detecting 
the  fa!la<  y  ;  or,  by  the  interposition  of  a  large  lens,  we  may  produce  nearly 
the  .saiae  etlects  in  the  rays  of  light,  as  if  they  proceeded  from  a  picture  at 
any  required  ^ataaee.  In  the  paaorain%  which  haa  lately  bean  exhiUted 
in  many  parte  of  Europe,  the  efibete  of  natnial  eeeneiy  aie  very  doedy 
imitated :  the  deception  ia  fayonred  by  the  abeenoe  of  all  other  Tirible 
object^  and  by  the  faintnev  of  the  ligh^  which  aasiata  in  concealing  the 
defecta  of  the  repteeentation,  and  for  which  the  eye  ia  nsnaUy  prepared,  by 

•  Hooka  on  the  Horisoatsl  Moon,  Biidi,  tti.  M>S,  «I7. 
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being  lon;^  detainetl  in  the  dark  wiaiiing  passages,  which  lead  to  the  place 
of  exhibitiuu. 

The  impretsiona  of  light  on  the  retina  appear  to  be  always  iu  a  certain 
degree  pemumen^  and  tbe  more  flo  as  the  light  is  Banger ;  but  it  is  onoeiw 
tun  vAetliar  llie  retina  powewM  this  property  merely  as  a  aokr  phosphorus, 
or  IB  oolunqiienoe  of  its  pecaliar  QEiganiaalioiu  Th«  dotsiioik  of  the  imp 
prewion  is  ganenUjr  fbom  one  fawidiodlh  of  a  fleoond  to  half  a  wooad,  or 
more ;  hence  a  Inmiiioiu  objeot  nvolving  in  a  circle  makes  a  Incid  ring ; 
and  a  shooting  star  leaves  a  train  of  light  behind  it»  which  it  not  always 
Mai.  If  the  object  is  painfully  bright,  it  generaDy  prodnoes  a  penBaoeni 
spot,  which  continues  t<j  pass  thrcnipli  vnriou'*  chnncrps  of  colour  for  some 
time,  without  much  re^'ulnrity,  nwl  gradually  vaoishtti:  Ulia  ntay,  how* 
ever,  i»e  considered  na  a  niorbitl  ettect. 

When  the  eye  has  V>een  fixed  on  a  smjill  object  of  a  liriglit  ctilour, 
and  is  then  turnecl  away  to  a  white  surface,  a  faint  spot,  resonihllug  in 
fonii  and  magnitude  the  object  first  viewed,  app«arti  on  the  surface,  of  a 
colour  opposite  to  the  firet^  that  1%  of  sitdk  a  ooloar  as  would  be  piodneed 
by  wUhdiawing  it  fnm  white  light ;  thus  a  red  object  produces  a  Uaiah 
green  spot;  and  a  btniih green  object  a  led  spot  The  reason  of  this 
appsaiancs  is  probably  that  the  portion  of  the  retina,  or  of  ths  senaorinm, 
that  b  afiected,  has  lost  a  part  of  its  sensibility  to  the  light  of  that  colour, 
with  wUcfa  it  has  been  impressed,  and  is  more  strongly  affected  by  the 
other  constitaent  parts  of  the  white  light  A  umilar  effect  is  also  ofieu 
produced,  when  a  white,  or  grey  ol>ject  is  viewed  on  a  coloured  ground, 
even  without  altering  the  position  of  the  eye  :  the  whole  retina  being 
affected  by  symjtatliy  nearly  in  the  same  iit;iiiner  as  a  part  of  it  was 
aliectcd  in  the  former  case.  These  appearances  are  n\n^i  conveniently 
exhibited  by  means  of  the  fdiadows  of  objects  phioed  in  coloured  light :  the 
shadow  appearing  of  a  colour  opposite  to  that  of  the  stronger  light,  even 
when  it  is  in  reality  Ulaminated  by  a  fainter  light  of  the  same  colour.  It 
seems  that  the  eye  eannol  perfectly  distingnish  the  intensity  of  a  colonr, 
either  when  the  Ught  is  eztrenidy  fabt^  as  thai  of  nuoiy  of  the  fixed  stars^ 
which  Dr.  Henohd  has  Ibnnd  to  be  stion^y  oobnied,  or  when  the  Qgbi 
is  exessrfvely  Tivid ;  and  that  when  a  oouidnahlepartof  the  field  of  Tision 
is  occupied  by  coloured  light,  it  appears  to  the  eye  dther  white,  or  less 
coloured  than  it  is  in  reality :  eo  that  when  a  room  is  illuminated  either 
by  the  yellow  light  of  a  candle,  or  by  the  red  light  of  a  fire,  a  sheet  of 
writing  paper  still  appears  to  retain  its  whiteness ;  and  if  from  the  light  of 
the  candle  we  take  away  Bomc  of  the  abundant  yellow  light,  and  leave  or 
substitute  a  portion  actually  white,  the  etiect  is  nenrlv  the  same  as  if  we 
took  away  the  yellow  light  from  white,  and  substituted  the  indigo  which 
would  be  left :  and  we  observe  accordingly,  tliat  in  comparison  with  the 
light  of  a  candl^  tiie  common  daylight  appears  of  a  purplish  hue*^  (Plate 
XXX.  Fig.  4a»..M.) 
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ON  TU£  MA.TU&S  OF  UGUT  AND  COLOU&& 

Tk£  natm  of  light  it  ■  tnlijtti  of  no  matetial  fmpoitame  tt  tto  omk 
«Mms  of  life  or  to  Viae  practice  of  the  arts,  but  it  is  in  mtny  other  respects 
extremply  intaMH^i^  Mpeciall y  it  tends  to  assist  oar  views  both  of  tha 
nature  of  otir  sensations,  and  of  the  constitution  of  ttie  universe  at  large. 
Thr  rxamination  of  the  production  of  colours,  in  a  variety  of  rin-nm- 
6t»ncc.%  is  intimately  connected  w'tth  tlu  theory  of  thnir  rsst  ntial  properties, 
and  their  causes  ;  and  we  shall  find  that  many  of  tlu  s,-  phriiumena  will 
afford  us  considerable  assistance  in  forming  our  opinoa  respecting  the 
nature  and  origin  of  light  in  general. 

It  li  illowed  on  all  aidesy  that  light  eitl^  consists  in  the  emisskm  of  fwry 
mlnnto  pattidoi  from  huninons  robatancea^  wUdi  an  aetaally  projected. 
Mid  eonfimit  to  novo  wifli  tin  melocitj  oommonly  iltribvlod  to  liglil»  o» 
In  the  czoUsdon  of  nn  nndnlatmy  mflti<niy  analogous  to  flut  iHikii  eon- 
aCitetM  sound,  In  a  h|g|djr  Hght  and  olaalio  modinm  pervading  the  imiverse ; 
Imi  tha  jndgmonCa  of  pUIoooplicmof  all  ages  have  been  much  divided  witll 
loapact  to  tilt  piafttoiMJe  of  one  or  the  oilier  of  these  opinions.  There  ara 
also  some  drcumstances  which  induce  those,  who  entertain  the  first  hypo- 
thesiH,  either  to  believe,  with  Nenion,*  that  the  emanation  of  the  par- 
tirh's  of  liq-ht  is  always  attended  by  th('  undulations  of  an  rtlu'rial  medium, 
accompanying  it  in  ita  pass;iL'»  ,  *r  to  suppose,  with  lk>scovich,t  that  ti»e 
minnt«  particles  of  H^t  tliemsi  h  os  receive,  at  the  time  of  their  emission, 
certain  rotatory  and  vibratory  motions,  which  they  retain  as  long  as  their 
projectile  mollflii  oontimies.  These  additional  suppositions,  howeter  noeee 
•ary  they  may  have  been  thought  for  explaining  some  parlienlar  pheno- 
mena,  have  never  been  Yeij  generaUy  nndantood  or  admitted,  attfaoogfa  no 
all»pt  haa  been  made  to  aoooimnQdato  the  thaoij  in  any  other  Bianner  to 
thoBO  phenomsn* 

We  ehaH  proeeed  to  ncamine  in  detail  the  manner  in  whidi  Hie  two 
pflndpal  hypodMMB  respecting  light  may  be  applied  to  ito  Tarious  proper- 
ties and  affections ;  and  in  the  first  |)!ace  to  the  simple  propag^ation  of  liglit 
In  nv:ht  linens  Ihrmiirb  a  vacuum,  or  n  very  rare  hornoijeneoiis  mpdiinn.  In 
tluM  ciiTUiiuHt:imc  thcri'  is  nothing  inconsistent  \\  itli  fitlu  r  itiiesis  ;  i»ut 
It  undergoes  pome  nioijifications,  which  Te(]uire  to  be  noticed,  when  a  i)or- 
tion  of  light  in  acliiiitt*Ml  tlinaitrh  an  aj  erture,  and  spreads  itself  in  a  slight 
degree  in  every  directiuu.  in  this  case  it  is  maintained  by  Newton  that 
the  margin  of  4ie  aperture  poaweeee  an  attractive  force,  widoh  la  capable 
of  inlleeting  the  mje :  hot  then  la  aome  improbability  in  anpipoafaig  thai 
hodiea  of  diAimt  forma  and  of  Tariona  icfiauliva  powera  dioiild  poeeem. 
in  eqnal  loroe  of  hifleeliony  aa  fhej  appear  to  do  in  the  ptodaellon  of  thcae- 

♦  Ph.Tr.vH.  5Wy. 

t  Dissertatio  de  Lumioe,  But  II.  1748$  ead  Tbeofia  ThilDeopUa  Nataaib,  4to». 

\9aux»  1763,  p.  230. 
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dbeli ;  and  ihm  !■  MMon  to  cgooidb  fiNMn  <iJiptrlmeul%  that  nidi  a 

force,  if  H  rrintBd,  mml  extend  to  a  Terr  considerable  distance  frooi  the 
Burfaces  concerned,  at  l^ut  a  quarter  of  an  inch,  and  perhaps  much  niorp, 
whii-li  i«  H  condition  not  easily  reconciled  with  other  phenomena.  In  the 
liuygeiiuin  s>  stcm  of  iindnlation,  this  diver;,a'nce  or  diffraction  is  illus- 
tratt'd  liy  a  fomparisjou  with  the  motions  of  waves  of  wat<;r  and  of  sound, 
botli  uf  wiiich  divei^ge  when  they  are  admitted  into  a  wide  space  through 
an  apratun,  ao  maeh  indeed  that  it  hai  uaoally  been  oonndtrad  aaan  ob- 
j«cti«a  to  thb  opinion^  tiiai  tho  xqra  of  light  do  not  cliTMga  in  tho  d«giw 

as  it  hat  been  remarked  by  Nowton,*  that  the  pulses  of  sound  diverge  loM 
than  the  waves  of  water,  so  it  may  fairly  be  inferred,  that  in  a  still  mora 
highly  ela.stic  medium,  the  \mdulations,  constituting  light,  moat  diveigO 
much  less  considemhly  than  either,    (P'atfl  XX.  Fig.  260.) 

With  respect,  linwwer.  to  tlic  traiiaiuission  of  light  through  perkiiU' 
tr&usparuiit  mediums  uf  considerable  density,  the  Kysteiu  uf  eutanation 
laboDVSiiiiderKHnM  dIffi<»]liiM.  It  ie  mtt  to  bo  supposed  tbot  tho  portielM 
of  light  con  pcribnto  with  freedom  the  vltinuito  otoou  of  nottcrt  wfaidi 
ooinpose  a  labfltoiieo  ofaoy  kiod ;  tboy  mn^  HMveforc^  bo  admlttod  im  oil 
dlnetioiu  through  tho  pom  or  interstice  of  those  atoms ;  for  if  we  allow 
eoeh  suppositions  as  BoscovicVs,  that  matter  itself  ia  penetrable,  that 
immaterial,  it  is  almost  useless  to  argue  the  question  further.  It  is  cer- 
tain that  some  ^^iilsstiinces  retain  all  their  properties  when  they  are  reduced 
to  the  thicknuis  of  the  ten  millionth  of  an  inch  at  most,  and  we  cannot  there- 
fore suppose  the  distances  of  the  atoms  of  matter  in  general  to  be  so  great 
as  the  hundred  millionth  of  an  inch.  Now  if  ton  feet  of  the  most  trans- 
parent wotor  tnuumitib  without  inlenuption,  one  half  of  tfaollght  that  enleis 
%  mdk  leotioii  or  otntom  of  tho  thipknei  of  oneof  thoio  poreo  of  mattmr 
amft  intevoepionly about  one  twenty  thoneond  n^Uionth,  and  ao  moofamiiot 
the  epooe  or  area  occupied  by  the  parti  lea  bo  analler  than  the  interstieoo 
botweon  them,  and  tlie  diameter  of  each  atom  must  be  leee  than  the  bun* 
dred  and  forty  thousandth  part  of  its  distance  from  the  Tifjghhouring  par- 
ticles ;  so  thftt  the  whole  spare  i  ;  ciipied  l>y  the  substance  niust  l>e  as  little 
filled  as  the  ^vliole  ui  Knu'lan'i  wuuld  Ke  filUd  by  a  hundriMl  men,  placed  at 
the  distance  of  ain)ut  thiity  miles  from  each  other.    Ihis  ustouisiiiiig 

dogno  of  porosity  ia  not  indeed  abeolutely  InadmiadUe^  and  theio  am 
many  leaeona  for  boUoTiag  tho  etatemont  to  agree  in  aomo  nuoooio  with 
tho  aotwJ  ooDotitotton  of  matorial  eabotaaoea ;  bat  tho  Hnygenisn  hypo- 

iheab  does  not  require  the  disproportion  to  bo  by  any  meana  ao  gioat»  since 
the  general  directi<ui  and  even  the  intensity  of  an  undulatbn  would  bo 
very  little  affected  by  the  interposition  of  the  atoms  of  matter,  while  these 
atoms  may  at  the  sjime  time  ho  supposed  to  assist  in  the  transmission  of 
the  inipulsi*,  l»y  propagating  it  through  their  owa  s?ah»tjinee.  Euler  indii^l 
imagined  that  the  undulations  of  light  might  be  traasmitteii  through  tiie 
groaa  eubatance  of  material  bodies  alone,  precisely  in  the  same  manner  aa 
aoiind  ia  proi)agated ;  but  thb  suppoaition  ia  for  many  naaono  inadiiu»> 
aible* 

«  Op.  Qa.  28. 
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A  vny  strikii^  rireontMiec,  NBpecting  the  propagaliini  of  light,  is  the 
vfiifonni^  of  Ito  v«ioetty  in  the  Mine  medinm.  Aeooiding  to  the  projee* 
tUd  hypotiiena,  tfas  Ibioe  employed  in  tlie  liee  fmiiBion  of  liglit  miut  lie 
about  a  miUion  milHon  timee  aa  great  as  the  foroe  of  gravity  al  the  eaath'e 
mutacB  \  and  H  mnet  either  act  with  equal  intemity  on  all  tlie  partidee  of 
light,  or  must  impel  some  of  them  through  a  greater  ^Mce  than  othen» 
if  Its  action  be  le^  powerful,  since  the  velocity  is  the  same  in  all  casM ; 
for  example,  if  the  jirojectile  fon-c  i><  we^iker  with  respect  to  red  light  than 
with  respect  to  violet  Hu'lit,  it  mu-t  continue  its  action  on  the  red  niys  to  a 
greater  distance  than  on  the  violet  rays.  There  is  no  instant »;  In  nature 
hesidm  of  a  simple  projectile  moving  with  a  velocity  uiiifurm  in  all  cases, 
wlmiever  may  be  its  cause,  and  it  in  extremely  diihcult  to  imagine  that  so 
immenee  a  force  of  repulsion  can  reside  in  all  snfaetanoes  capuhle  of 
beoonting  luminous,  so  that  the  light  of  decaying  wood,  or  of  two  pebUM 
nibbed  together,  may  be  projected  precisely  with  the  tima  velodty  as  the 
light  emitted  by  iron  buning  in  oxygen  gai^  or  by  the  reservoir  of  liquid 
ftre  <m  the  snrliMe  of  the  aun.  Another  eanae  would  also  naterally  inter- 
liefe  with  the  uniformity  of  the  velocity  of  Ught^  if  it  consisted  merely  in 
the  motion  of  projected  oorpnsdes  of  matter ;  Mr.  Laplace  has  calculated,* 
that  if  any  of  the  stars  were  250  times  as  jrreat  in  diameter  as  the  sun, 
its  attraction  would  be  m  strong  as  to  destroy  the  whole  nK>mentimi  of  the 
cori)uscles  of  light  proceo  Iihl"  from  it,  and  to  reinlcr  star  invisible  at  a 
great  distance  ;  and  althougli  there  is  no  reason  to  imagine  that  any  of  the 
stars  are  actually  of  thi«  magnitude,  yet  some  of  them  are  pr»)hal)l  \  umny 
times  greater  than  our  sun,  and  therefore  large  enougli  to  ]»roducc  i*uch  a 
retardation  in  the  motion  of  their  light  as  would  materially  alter  its  effects* 
It  is  afanoat  nnneoessaiy  to  obaerre  that  the  nidfonnity  of  the  velodty  of 
Hgfat^  in  thoae  spaces  which  are  fk«e  from  all  material  substances,  is  a 
neeeaeaiy  coneequcnoe  of  thsHuygenian  hypothede^  sfaiee  the  nnduhiticna 
of  every  homogeneous  elastic  medium  are  always  propagated,  like  thoea 
of  sound,  with  the  aame  velocity,  aa  long  aa  the  medium  remaina  on- 
altered. 

On  either  snpporition,  there  is  no  difficulty  in  ex])laining  tlie  equality  of 
the  ancrlcs  of  incidence  nnf!  reflection  ;  for  these  angles  are  cqiifi!  a<<  well 
in  till  collision  of  common  ditstio  bodies  with  others  inrf>nip,irH))ly  Jjirger, 
as  in  the  reflections  of  the  waves  of  water  and  of  the  undulHtirms  uf  sound. 
And  it  is  ef^ually  easy  to  demonstrate,  that  the  sines  of  the  angles  of  inci- 
dence and  refraction  must  be  always  in  the  same  proportion  at  the  same 
surface,  whether  it  be  supposed  to  poaseea  an  altiactite  Ibice,  capable  of 
acting  on  the  paitidea  of  light,  or  to  be  the  limit  of  a  mediam  through 
whieh  the  undulalijwis  ore  propagated  with  a  dimlnlBhed  vdoeity*  There 
are^  however,  aome '<6aaea  of  the  production  of  cohMua,  wiiich  lead  ua  to 
suppose  that  the  velocity  of  light  must  be  smaller  in  a  denser  than  in  a 
laier  medium ;  and  supposing  this  fact  to  be  fully  established,  the  exist- 
enoe  of  such  an  attractive  force  could  no  longer  be  allowed,  nor  could  the 
system  of  emanation  be  maintained  by  any  one.t 

*  Zachs  Geographische  Ephemeridrn,  iv.  1. 

t  Amgo  pat  this  remark  to  the  test,  Aniudes  de  Uumie,  Isii.  49. 
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The  pAilial  ttflection  from  all  inAiatfiig  wurbflw  b  mgfmti  by  Mtwton 
to  arise  from  certain  periodieal  rttMwhliona  ef  the  pttrtMea  of  lighl» 

caujK'd  by  undulations,  propagated  in  all  cases  through  an  ethereal  me- 
dium. The  mechanism  of  these  supposed  undulations  Ih  »o  cmn|»lirat«*<l, 
and  attended  by  bo  many  difficulties,  tliat  the  few  who  have  examtued 
tliem  h^ave  been  in  general  entirelv  lissat  lsiied  with  them  ;  and  the  inlenial 
Tibrations  of  the  particles  of  light  themselves,  which  Bosoovich  has 
imagined,  appear  wmnAf  to  nqoiw  a  Miiowi  diwwfon,  U  nayt  ^mmh 
loM^  mMf  be  ttseiled»  that  fai  tfae  projectile  hypothem  tbia  aapawtMii  ef 
thanjBOf  ligliiflf  theaane  kiiidbyBpaftial  zeOeoliMi  ai  efiiy  nCnct- 
ing  surface,  remaina  whoUj  vnaspbiiiad*  la  the  ua^idatoiy  ajateB,  ab 
the  contrary,  this  separation  follows  as  a  neoflMaQr  CQHiafaiBCai  U  is 
simplest  to  consider  the  ethereal  medium  which  pervades  any  transpareiit 
8ul>8t&nce,  together  with  tlie  material  atom^  of  tlic  substance,  as  constituting 
U^ether  a  compound  metlium  denser  thiin  iha  pure  ether,  but  not  more 
elasUe  ;*  and  by  comparing  the  contiguous  particles  of  the  rarer  and  ilie 
teav  Maftm  leiih  eommen  elastic  bodies  of  diflemt  djawneioni,  we 
Hiaj  eaailydelMtniae  net  oidy  in  what  maiiiMr»  but  ahnoat  m  what  d^giee^ 
thia  rsfleotiott  moat  take  phwe  in  diflfewnt  cbgnmataneeii  Thu^ifeoeof 
two  equal  bodies  strikes  the  othar^  it  communicatee  to  it  ite  whole  BOtion 
without  any  reflection ;  but  a  smaller  body  striking  n  larger  one  is 
fleeted,  with  the  more  forcp  a«  the  'lifferencc  of  their  maj^itudc  is  greater  ; 
and  a  larger  hody,  striking  a  smaller  one,  still  proceeds  with  a  tliniinislied 
velocity  ;  the  remaining  motion  constituting,  in  Uie  case  of  an  iDulLi'atiua 
failing  on  a  rarer  medium,  a  part  of  a  new  series  of  motians  which  niH:e»- 
aaifljr  xatnmi  b«ekwaida  with  the  appropriato  velocity ;  and  we  may 
eiaetfe  a  cinBiiialance  aaai^  riaaflag  to  this  hat  in  npovtionof  aerauj 
itneadeatenahoriaontaltable}  If  mmvabeesolKlai  any  pert,  it  will 
be  nieeled  from  the  termination  ef  the  neicuy  ahnoat  m  the  aanm 
manner  as  from  a  solid  obstacle. 

Tlie  total  reflection  of  light,  falling,  with  a  certain  obliquity,  on  the 
surface  of  a  rarer  medium,  becomes,  on  both  8Uppositii)n«,  n  pnrfiruhir  cikse 
of  refraction.  In  the  undulatory  syfet*  m,  it  is  convtiiieut  to  suppose  the 
two  mediums  to  be  beparated  by  a  short  space  in  which  their  dem>itica 
approach  by  degrees  to  each  o^er,  in  order  that  the  undulation  may  be 
tnmed  gmdnally  vonnd,  so  aatobe  lelleeted  in  an  equal  angle ;  but  thia 
anppoailioa  la  not  abaelntely  neeeiiaiy»  taA  the  aame  effseta  may  be  exr 
feetedat  the  aaiiweef  two  mednima  aspagaied  by  an  abmpt  termination. 

The  nhfimiaal  pwems  of  combustion  may  easily  be  imagined  tither  to 
disengage  the  particles  of  light  from  tiieir  various  combinations,  or  to  agi- 
tnie  the  elastic  medium  by  the  intestine  motions  attending  it :  hut  the 
<ijH  r;ition  of  friction  npon  8\il)stances  incapable  of  undergoing  chemical 
chiui-res,  as  wtll  as  tlie  imitiniis  of  the  rk*ctric  fluid  through  imperfect 
cuuducioni,  aiibrd  instances  of  the  production  of  light  in  which  there 

*  Some  modern  writers  have  adopted  the  cootniy  hypothesis,  that  the  ethereal 
medium  wliich  pcrvnrles  a  substance  is  of  the  same  density  is  i«;  in  voifl  «n?i«-r, 
but  that  iu  elitsUeity  is  different.  See  Neumanii,  Memoirs  ui  Uie  Academy  of 
Beiiin,  vd.  sail,  for  183».  aad  AaaalcD  dsr  fhfrik»  as?.  418. 
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mmtm  to  be  na  may  way  of  toppMing  •  deeomiMMltSon  of  any  Uad.  The 

phenomena  of  solar  pbosphori  sppsar  to  leeemble  greatly  tho  sympatbetla 

sounds  of  musical  instruments,  which  are  agitated  by  other  soanda  con- 
veyed to  them  tlirouijh  tlic  air :  it  is  difficult  to  iJTi«Wr*«tand  in  what  state 
the  corpuscle  of  li;;ht  could  be  retained  by  these  buljstiiiin  s  ho  as  to  be 
reemitted  after  a  short  space  of  time  ;  and  if  it  is  true  that  diamonds  are 
often  found,  which  exhibit  a  retl  hght  after  having  received  a  violet  light 
only,  it  leeiiit  impoevUe  to  eiq^ftin  lius  property,  oa  Um  enpi^erilioB  ef  the 

The  pheneiaeiim  of  the  abanation  ef  Kgjit  agiee  perieeiiy  weli  with  the 
aystem  of  tweimHim  ;  and  if  tte  ethereel  laec&niiy  eeppoBed  to  pervade 
the  earth  and  its  atmoephere,  wera  eenM  along  before  it,  aad  partook 

materirtlly  in  its  motions,  these  j)henomena  could  not  easily  be  reconciled 
with  tlic  tdeory  of  undulation.  Hut  there  is  no  kind  of  nwessity  for  such 
a  su[)jji i^iltion :  it  will  not  be  (leuiril  by  the  aiivncates  of  the  Ncwtt)niun 
opiuiuu  tiuit  ail  nuiteriai  i)odies  are  sufiiciently  porous  to  leave  a  medium 
pervadii^  them  almost  absolutdy  at  rest ;  and  if  thie  be  granted,  the 
eAiKle  of  ahnntioB  will  appear  to  hepreeieeljr  the  eMM  iaeitfan  hypo- 


The  umaiial  leteatfoa  of  the  ledend  eper  hee  been  auMi  aeoaratelj 

and  satisfaetoiQy  ewpleined  by  Huygens,  on  the  eimple  eoppoaition  that 

this  crystal  possesses  die  property  of  transmitting  an  impulse  more  rapidly 
in  one  direction  thr\n  in  anotlicr ;  whence  he  infers  that  the  undulations 
conslitutiiii:  H^'htmust  asf'ume  a  spheroidical  instead  of  a  Kpherica!  forn», 
and  lays  down  such  laws  for  the  direction  of  its  motion,  as  are  incuuipar- 
ably  more  consistent  vriih  experiment  tliau  any  attempts  which  have  been 
-de  to  eecinwodeto  the  phMwraene  to  other  priaciplw*  Itistraethii 
fiothug  hie  yet  been  tee  toaalit  oe  in  vndentaadbg  the  eSioto  ef  a 
enbeeqiieiiiiifinetieB  by  •  leeend  oiyatdly*  vnhm  mj  penes  eaa  be  oeiie- 
fied  with  the  aeiBe  of  polarity  assigned  by  Newton  to  a  piti^^riy  which  he 
attribatee  to  the  particles  of  light,  and  m^Mh  he  aopposes  to  direct  them  in 
die  Kpeciea  of  refraction  which  they  arc  to  nnderj:^  :  but  on  any  hypothesis, 
until  \\  c  discover  the  reason  why  a  part,  of  tlie  li^bt  is  nt  first  refracted  in 
the  usual  iaauner,  and  another  part  in  thr  uiuisual  maniui*,  we  liave  no 
right  to  exp^  that  we  should  understand  how  these  dupuauioos  are  con- 
tfamed  or  auKMed,  when  Uie  prooess  is  repented. 

Ineiderto  esplafa^h^  the  tgftkmti  emimtion»the  diapeHton  ef  the 
layeof  diiiweBiooleiue  bynemcf  lefceetiea,  itienieeneiy  toegyeee 
thel  eU  nfinutf ve  aedieiae  hste  an  eteetive  attiaetioii»  acting  man 
powerfully  on  the  violet  rays,  in  proportion  to  their  mass,  than  on  the  red. 
But  an  elective  attraction  of  this  kind  is  a  property  foreign  to  mechanical 
pbiloHopby,  ftnd  when  we  use  the  t^rm  in  chemistry,  we  only  confess  our 
incapacity  to  assi?"  a  raechanicAl  cfiuse  for  the  effect,  and  refer  to  an  ima- 
li^y  witli  other  fact^,  of  which  the  iiitinuiti  nature  is  perfectly  unknown 
to  US.  It  is  not  indeed  \  try  easy  to  give  a  demonstrative  theory  of  the 
diepentoB  of  coloured  light  uijon  the  eappoeition  of  nndblatory  motion ; 
but  wa  may  derive  a  very  eetiafiMtoiy  Uluefaration  from  the  weB  known 
*  StoaMilietttlNeNriMatthBeBdof  «hiiliictofe. 
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«fee(a«f  Wftmordiflcraitbreadtlii.  Hie  rimpl€  calcoktiop  cf  tha  vdo- 

dty  of  waveSy  profMigftted  in  a  liquid  perfectly  clastic^  or  iiiooinpre«iU«^ 

and  free  from  friction,  assiuiiis  to  them  idl  precisely  the  same  velocity,  what- 
ever their  breadth  may  be  :  the  compressihility  of  tlie  fluids  actually  exist- 
ing introduces,  however,  a  nocos.sity  f  n  correction  according  to  the 
breadth  of  the  wave,  and  it  is  very  easy  :<i  oUserve,  in  a  river  or  a  pond  of 
considerable  depth,  that  tlie  wider  waves  proceed  mnch  more  mpifJly  than 
the  narrower.  We  may,  therefore,  consider  the  pure  ethereal  medium  us 
analogooB  to  an  Infinitely  elasfeie  fluid,  in  wliicb  nndnktiotta  of  all  kinda 
more  with  equal  Telodty,  and  material  tmnepsKnt  flnbetaoees,  on  the 
oontraiy,  ae  wewnbling  tboM  flnidi^  In  whioli  we  eee  the  latge  wavia  ad- 
vance beyond  the  smaller ;  and  by  supposing  the  red  light  to  consist  of 
larger  or  wider  undulations  and  the  violet  of  smaUcr,  wc  may  Mtfficiently 
eluddatc  the  c!T<'Htcr  rcfranjrfbility  of  the  red  than  of  the  violet  liijlil.* 

It  is  Tu  t,  li  \vrver,  merely  on  tlie  ground  of  tliis  analoijy  that  we  may  \)e 
ituiiiccd  to  suppose  the  undulations  constituting  red  light  to  l>o  hirger  than 
those  of  violet  light :  a  very  extensive  ciati«  of  phenomena  leadti  us  still  more 
directly  to  Uw  aanw  oonelniion ;  they  oonaiat  chiefly  of  the  production  of 
ookmra  by  meana  of  transparent  platee»  and  by  dUftaction  or  inflection, 
nono  of  whieh  ham  bent  axpbtned  upon  the  eappoeiilon  of  emanation,  in  a 
manner  sufliciently  minute  or  comprchenrive  to  satisfy  the  most  candid 
OTOn  ef  the  advocates  for  the  projectile  system  ;  while  on  the  other  hand 
all  of  them  may  he  at  once  understood,  fnmi  the  effect  of  the  interference 
of  d«>uT>lp  litrht,s,  in  a  manner  nearly  similar  to  tliat  which  constitutes  in 
sound  i\w  Heniiation  of  u  ])eat,  when  two  striu^  forming  an  imperfect 
uni&on,  are  heard  to  vibrate  together. 

Supposing  the  light  of  any  given  cokmr  to  consist  of  undulations  uf  a 
given  breadth,  or  of  a  given  fitequency,  it  fbOovra  thai  these  nndnhticoe 
mnet  be  liabia  lo  thoee  efleola  whioh  w«  have  alnady  examined  in  lha  oow 
of  tha  wavea  of  water  and  the  pniMi  of  aonnd.  It  haa  been  diown  that 
two  equal  series  of  waves,  proceeding  from  centres  near  each  other,  may  be 
seen  to  destroy  each  other's  efTects  at  oertun  points,  and  at  other  jNiinte  lo 
red'nihle  them  ;  and  the  beating  of  two  sounds  has  ho<>n  explained  from  a 
similar  interference.  We  are  now  to  apply  the  same  principles  to  the 
alternate  uninn        (  xtinction  of  colours.    (Plate  XX,  Fip.  2f?7.) 

In  order  tiiat.the  ciiecta  of  two  portions  of  light  may  he  tlius  combined, 
H  is  nsoBsnry  Hm*  flisy  be  derived  from  tin  eame  origin,  and  that  tliey 
anrlve  al  the  ssms  poini  by  diflerent  paHu^  in  diieelionB  not  much  devi- 
ating fieon  each  other.  Thia  devialion  may  be  prodneed  in  one  or  both  of 
the  portions  by  dtflfraction,  by  reflection,  by  reftadion,  or  by  any  of  theee 
effBota  combined  ;  \mi  the  simplest  case  appears  to  be,  when  a  beam  of 
bomoq-eneous  light  falls  on  a  screen  in  which  there  are  twro  veiy  email  holea 
or  alita^  which  may  be  considered  as  centres  ol  diveigence^  from  vAience  tha 

*  9mCmAj,  M^wotivsui  Is  Disperaion  de  hi  Lomi^re,  Praise,  1835.  Powell, 
Ph.  Mag.  vi.  16.  107,  1B9,  262.  Ph.  Tr.  1835,  p.  249,  &c. ;  and  Essay  on  the  Un- 
dulatory  Theory,  as  applied  to  U»c  Disperaion  of  Light.  Challis,  Ph.  M.-ig.  viii. 
Keliaod,  IVaf*  Camb.  Ph.  8oe.  vi.  153.  Difference  of  colour  was  refeired  to  tiif« 
fennee  of  velocity  by  Mdvil,  Vh.  Tr.  1753.  p.  MS,  sad  toys,  ii.  12. 
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light  b  difiiclcd  in  every  dimtioii.  In  this  eaae,  wkca  the  tm  newly 
fonned  beraiiaN  leeeived  <»i  amrfiwe  placed  eo  as  to  inlaioepitlMBB,  their 
light  is  divided  by  dark  itvipee  into  porliMis  seariy  equal,  but  beeomin|f 
wider  as  the  tnrfooe  is  moie  raoole  Ifom  the  apertarei^  eo  as  to  sablend 
very  nearly  equal  angles  from  the  apeitures  stall  dietsnoee,  and  wider  alio 
in  the  same  proportion  as  the  apertnree  are  cloeer  to  each  other.  The 
middle  of  the  two  portions  h  always  light,  and  the  bright  stripes  on  each 
side  are  at  fuch  tii'^tancca,  tlir.t  the  lijj^ht  coming  to  them  from  one  of  the 
apertiins,  Muibt  have  paHseJ  through  a  Inncrcr  space  than  that  which  cornea 
from  tJie  otht  i,  l)y  au  interval  which  is  e  ^nal  to  the  breadth  of  one,  two, 
three,  or  more  of  the  svijipubed  undulutioiis,  while  the  intervening  dark 
tpaceii  correspond  to  a  difference  of  half  a  supposed  undulation,  of  one  and 
a  half,  of  two  and  a  hidf,  or  more. 

Ftam  a  oompariacNi  of  variona  espeiimeBta^  it  appears  thai  tiie  breadth 
of  tho  nndnlationa  oonstitating  the  eactrans  red  light  most  be  supposed  to 
bcb  in  sir,  about  one  B6  thoueandth  of  aa  insli,  and  thoae  of  the  sztreme 
▼iolei  alrant  one  60  thouiandth ;  the  mean  of  the  wlide  speetnun,  wltfa 
Tes]>ect  to  the  intensity  of  light,  being  about  one  45  thousandth.  From 
theae  dimensions  it  follows,  calculating  upon  the  known  velocity  of  ligiit, 
that  almost  600  millions  of  millions  of  the  slowest  of  such  undulations  must 
enter  the  eye  in  a  single  second.  The  combination  of  two  portions  of  white 
or  mixed  liirht,  when  viewed  at  a  great  diHtancp,  exlnhits  a  few  white  and 
black  stripes,  cone.sponding  to  this  inU  i  vai  :  although,  upon  closer  inspec- 
tion, the  distinct  effects  of  an  infimte  number  of  stripes  of  different 
breadtks  appear  to  be  compouiuUd  together,  so  as  to  produce  a  heauLiiul 
diversity  of  tints,  passing  by  dcgmes  into  each  othor.  Tiie  central  white- 
nen  isiirrt  efaanged  to  a  yellowisb,  and  then  to  a  tawny  eolonr,  snoeeeded 
by  erimson,  and  by  violet  and  bine,  which  together  appear,  when  seen  aft  a 
distonoe^  as  a  dark  ati^  ;  after  this  a  green  ligiit  sppean^  and  the  daric 
spaoe  beyond  it  has  a  ciiaiaon  hue;  tlie  aubsequsnft  liglils  are  all  more  or 
IsBS  green,  the  dark  spaces  purple  and  reddish ;  and  the  red  light  ^»peani 
so  fiur  to  predominato  in  all  these  effects,  that  the  nd  or  purple  stripes 
oceapy  nesdy  the  aame  place  in  the  mixed  faagtB  as  if  their  light  wen 
received  separately. 

Tlie  comparison  ( f  l!ie  results  of  this  theory  witli  e\]u  rinu  iits  fully  esta- 
blinheH  their  general  coincidence  ;  it  i!idioate«,  however,  a  niight  correction 
in  some  of  tlie  measures,  on  account  t  t  .s(mie  unknown  cause,  pt  rliajis  con- 
nected with  the  intimate  nature  of  diliraction,  which  uniformly  occasions 
the  portions  of  light  proceeding  in  a  direction  very  nearly  rectilinear,  to  be 
divided  into  stripee  or  fringes  a  Utiit  wider  than  the  ezlenial  stripes,  fonned 
by  tha  light  whkdi  is  mom  bent  (Plato  XXX.  P%.  4^  44a) 

When  the  paialkl  elite  are  enlarged,  and  leave  only  the  intervening 
nbstanoe  to  oast  ita  shadow,  the  diveigenoe  ftem  its  opposito  naigina  itill 
eontinuea  to  produce  the  aame  fringes  ss  before,  but  they  are  not  eerily 
virible,  eaccept  within  the  extent  of  its  shadow,  being  ovrq  ou  rrcd  in  other 
parts  by  a  stronger  light ;  but  if  the  light  thus  diffracted  be  allowed  to  fall 
on  the  eye^  eith^  wlttiin  the  shadow  or  in  ite  neighbourhood,  the  stripes 
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iriH  ilill  iffpwr;  tad  ki  thk  numner  the  coloun  of  wmtSL  ilmt  w«  pro- 
bably formed.  Hmm  tf  m  eoUeelion  «i  «qaal  fibres,  for  example  a  lock  of 

wool,  be  held  before  the  eye  when  we  look  at  a  luminous  object,  the  series 
of  stripes  lK»l«m(?inp  to  eaoli  fibre  cnnibine  their  effects  ii^  mch  a  manner, 
88  to  be  converted  into  circular  friiiu't  s  or  coronae.  1  Iiis  is  probably  the 
origin  of  the  ouloured  circles  or  coronae  someiinies  Been  round  the  sun 
and  nmn,  two  or  three  of  them  appearing  together,  nearly  at  equal  dis- 
teaces  hom  eaeh  other  and  from  tibe  laminary,  the  intoraal  ones  being, 
UlcetiMiliipfl^aliftlbdllM.  ItisonlbriMMMiTthtft  fheaSr 
diodd  be  loaded  irlth  f^nlas  «f  iwiIbIuw^  BMily  «f  equal  riae  among 
themaelvea,  not  much  exceeding  one  two  thonmaddi  of  an  inch  in  diameter, 
in  order  that  a  series  of  such  coronae,  at  the  distance  of  two  or  three  dagrect 
from  each  other,  nmy  bo  exhibited.    (Plate  XXX.  Fig.  444.) 

If,  on  the  other  hand,  we  remove  the  portion  of  tbp  ^^erefn  which  5cpa- 
ratej*  the  parallel  slita  from  each  other,  their  external  margins  will  still 
eoiUinue  to  exhibit  the  effects  of  diffracted  light  in  the  shadow  ou  each 
ride;  and tta taqierimeBl  win  aammatha  tormof  tfcwaawbhifciimaaaaii 
hf  Newloik  on  the  light  passing  betwrnn  tbe  edges  cf  ¥fm  knffc^  btoagbt 
f«ty  naaitf  into  eontaet;  altlMiigli  aomt  «f  titan  axparimeote  appear  to 
show  the  influence  of  a  portion  of  light  refleeled  by  «  remoter  paii  of  tha 
polished  edge  d  tha  kniTes,  which  indeed  mui  nnaToidaUgroonalitiita  a 
part  of  the  light  concerned  in  the  appearance  of  frin?^'',  whererer  their 
whole  brpadth  excwt!<?  tli;it  of  the  aperture,  or  nf  the  slmdnw  of  the  fibre. 

The  edges  of  two  icnives,  placed  very  near  each  other,  may  represent  the 
oitposite  margins  of  a  minute  furrow,  cut  in  the  surface  of  a  polished  sub- 
stance of  any  kind^  which,  when  viewed  with  different  degrees  of  oUiquity, 
present  a  asriea  of  oeloiivi  nearly  reawnbHag  (bom  wbidi  are  axUbHed 
wklimtliaaliadowsof  thoknivw:  intiiiaoaae^  howavar,  tiw  patha  of  tlio 
two  portions  of  lf|^  before  their  fauMenm  are  aboio  bo  eonsidecad,  and 
the  whole  difference  of  theea  pallia  will  ba  HboimI  to  datenofoe  the  appear- 
ance of  colour  in  the  usual  manner :  thus  when  Uie  surface  is  so  situated, 
tbat  the  image  of  the  luminous  point  would  be  seen  in  it  by  r^ifular  n»flec- 
tioii,  the  difference  will  vanif^li,  and  the  light  will  remain  perfectly  wliitc, 
Init  in  other  ca^es  various  colours  will  appear,  according  to  the  degree  of 
obli<}ulty.  Tliese  colours  may  easily  be  se«n,  in  an  irregular  form,  by 
looking  at  any  metal,  ooarsely  poildiody  In  tlie  amiaUna;  bnt  tiny  ba- 
eama  mom  dlatlnet  and  aonsplcaoiia,  when  a  number  of  fine  Hnee  of 
aqnal  atoongUi  are  dmwn  parallel  to  eaah  otiier,  ao  aa  to  oomplm  in  their 

it  aometimes  happens  that  an  object,  of  which  a  shadow  is  formed  in  a 

beam  of  light,  ndTMittcd  thrtiiii,'b  a  sm^l  aperture,  not  terminated  by 
parallrl  sidrs  ;  tlnis  the  two  ]>urtion8  of  light,  which  are  ditlriifU'd  fi-mii 
two  sides  of  an  object,  at  right  angles  with  each  other,  fre<juently  form 
a  short  series  of  curred  fringes  within  the  shadow,  situated  on  each  aide 
of  the  diagonal,  which  were  ftrok  obeerred  by  GrimakUyf  and  whieii  am 

*  Young's  Introductimi  to  Medical  Literature.  1813,  p.  &59. 

t  Pfaysieo-liiaihesis  de  Lmnine,  CMoribus  et  Iride,  Benen.  166ft.  ' 
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CMDpletely  ffi^ieaibl*  frvfrn  the  general  principle,  of  the  imlufereiiee  of  tlM 
ttm  ftrtioDi  «iifivoadiiQg  perpendieiihily  on  die  A&km,  (Plate  XXX. 
Fig.  446.) 

But  tiM  noslcMoittof  aUtiMappMiiMw«f  tfauUad  bihafcof  the 

fringes  which  an  usually  eem  beyond  the  tenninatioiL  of  any  riiadow, 
fonned  in  a  beiumof  Hght^  adfloittod  through  a  mall  aperture :  in  whilt 
light  three  of  thaw  fringes  are  nanaUy  visible,  and  sometimes  four ;  bat 
in  light  of  one  colour  only,  their  number  is  greater  ;  and  they  are  always 
much  iianower  as  they  are  remoter  from  the  shadow.  Their  oriErin  is 
easil}'  dediired  from  the  intt  rfprenco  of  the  direct  liu'lit  with  a  }>ortiou  of 
light  reflected  from  the  margin  of  the  object  which  produceH  them,  the 
obliquity  of  its  incidence  causing  a  reflection  so  copious  as  to  exhibit  a 
▼idble  effi^  howerer  narrow  that  margin  nmy  be ;  the  fringes  are,  how- 
tanimd  moii  otnrioiis  aa  the  qnanttty  of  tUa  niactad  light  ia 
grealer.  Upon  lliia  theory  it  IbDowa  thai  the  ^fafeaaoe  of  the  fliafc  daik 
fringe  fnm  the  ahadow  dioald  be  half  aa  gnat  aa  that  of  the  fMuih,  the 
aifibmeeof  the  lai^  <^  the  diiftniit  patha  of  the  Hght  ha&qg  aa  the 
squanaofthoaedialanoea;  and  the  experiment  pndadyooiiiirros  thiacalen- 
lation,  widi  the  same  Blight  correction  only  aa  ia  nquired  in  all  other  casea;. 
the  distances  of  the  first  fringes  being  always  a  little  incre^^.  It  may 
also  be  obser>'e<!,  that  the  extent  of  the  shadow  itself  is  always  augmented, 
nnd  rtcnrly  in  nn  (mju.iI  de^rroe  with  that  nf  the  fri litre?  :  tiie  reason  of  this 
<Mn'u?nstum  <'  appears  l<i  lie  I lic  gradual  loss  of  light  at  the  edges  of  every 
stparaU?  heani,  which  is  >rj  strongly  aniil<iLrous  to  the  phenomena  visible  in 
waves  of  water.  The  same  cause  may  also  perhapn  have  some  effect  in 
producing  the  general  modification  or  correction  the  pkce  of  the  first 
fringes,  although  it  appean  to  he  aeandy  anffioiaat  for  explaining  the 
wholeofit  (Hate XXX.  Big. 446.) 

A  still  men  Qommoa  and  oonvenient  method  of  eihlhitiagthe  eibola  of 
the  rnntaal  intwftwaea  of  ligiit»  ia  aflbtded  aa  by  the  eolema  of  the  tfahi 
platea  of  tiaoaparent  sabatanoaa.  Tlie  liglits  an  here  derive  from  ths 
successive  partial  reflectiona  ptodmced  by  the  ttppsr  and  under  surface  of 
the  plate,  or  when  the  plate  is  viewed  by  transmitted  light,  from  the  direct 
beam  which  is  simply  refracted,  and  that  portion  of  it  which  is  twice  [or 
more  times]  reflected  within  the  plate.  The  appearance  in  the  latter  <  a-se 
is  much  less  striking  than  in  the  fonncr,  because  the  light  thus  alle^>t<'d  is 
only  a  small  portion  of  the  whole  beam,  with  which  it  is  mixed  ;  while  in 
tlie  former  the  two  reflected  portions  are  in  .u  ly  of  ei^ual  intensity,  and  may 
be  separated  from  all  other  light  tending  to  overpower  them.  ^  hoik 
Mseo,  'whai  the  plate  b  gradually  redooed  in  thiokneaa  to  an  fstmnaly 
thin  e4ga^  the  older  of  ookon  naj  he  preeSaaly  the  aame  aa  in  the  stripes 
and  eeionae  already  described ;  their  dietanee  only  Tatying  when  the 
amfMMa  of  the  plate^  inatead  of  baiag  plane,  an  ooneaye,  as  it  frequently 
happens  in  such  experimenta.  The  acale  of  an  oxid,  which  is  often 
Ibnned  by  the  eflfoot  of  heat  on  the  8cirfiM»  of  a  m^,  in  particular  of 
iron,  aifords  us  an  example  of  such  a  series  formed  in  reflected  light :  this 
scale  is  at  first  inconceivably  thin,  and  destroys  none  of  the  light  reflected, 
it  soon,  however,  b^ius  to  be  of  a  dull  yellow,  wiiich  changes  to  red*  and 
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then  to  erimHm  ind  blofl^  after  which  the  effect  is  destroyed  by  the  epacitv 
which  the  oxid  Acquires.  Uaoally^  however,  die  Miies  of  colours  produced 
in  reflectcfl  lii^ht  follows  nn  order  somewhat  diffV'reut :  the  i^cnlf  of  cxid 
is  (1»>n**<'r  than  the  nir,  and  the  iron  below  than  tlie  oxid  ;  hut  where  the 
ine<liuriis  above  and  below  the  plate  arc  eitlitr  both  rarer  or  both  denser 
tliau  itself,  the  different  natures  of  Uie  reflections  at  its  ditierent  surfaces 
appear  to  produce  a  modification  in  the  ttate  of  tiie  uiidiileUona,  end  the 
infihitelj  Chin  edge  of  the  plate  beoomeB  black  iutead  ef  white^  one  ef  the 
porliona  of  %ht  at  once  deitioyiqg  the  ottur,  inafcead  of  eeopenting  with 
iL  Thus  when  a  film  of  soapy  water  is  stretched  over  a  wine  glaai^  and 
placed  in  a  vertical  position,  its  upper  edge  becomes  extremely  thin,  and 
nppeara  nearly  black,  while  the  parts  below  are  divided  by  horizontal  lines 
into  n  sericj^  of  coloured  bands;  and  when  two  glasses,  one  of  which  is 
blightly  convex,  are  pressed  together  with  sHiuie  force,  tlie  plate  of  air 
between  tlieni  exhibits  the  appeaxance  of  coloured  rings,  beginning  fruni 
a  black  spot  at  the  centre,  and  becouiiug  narrower  and  nanrower,  a»  Uie 
enrred  fi^seoltheglaacaiiaeetliathiekneeBolthe  plateof  airto  ineieace 
move  and  more  rapidly.  The  black  is  nicceeded  by  a  viakt^  lo  faint  aa  to 
be  learoely  perceptible ;  next  to  thb  is  an  orange  yeUow,  and  then  crim- 
son and  blue.  When  water  or  any  other  fluid,  is  substituted  for  tiie  air 
T)ctween  the  glasses,  the  rings  appear  where  the  thickness  is  as  much  \em 
than  that  of  tbo  plate  of  air,  as  the  refractive  density  of  the  ^\u<]  is 
greater ;  a  circuioHtance  which  necessarily  f«)ll<)W8  from  the  proportion  of 
the  velocities  with  which  light  must,  upon  the  Huygenian  hypothcbia,  bo 
supposed  to  move  in  difl'crcut  mediunisi.  It  in  aim)  a  conse<^uenee  equidly 
noceseoiy  in  tiila  theory,  and  equally  faMonaistalit  with  aU  Mfaen^  thafc 
when  the  diieetioa  of  the  %ht  is  oblique^  the  effect  cf  a  thicker  plato  mnsL 
be  the  seme  as  that  of  a  thinner  pkte»  when  the  Ught  falls  perpendiculatiy 
upon  it ;  the  difflmnoe  of  the  paths  described  by  the  diffbrcnt  iM)rtion.s  of 
light  precisely  ootmpoiiding  with  the  obeerved  phenomena.  (Plate  XXX. 
Fig.  447...44J».) 

Sir  Imnc  Newton  supposes  the  colours  of  natural  bodies  in  general  to  l»e 
similar  to  thtsp  t  nlours  of  thin  j>lates,  and  to  be  governed  by  tlie  magni- 
tude of  tlieir  particles.  If  this  opinion  were  uaiversaliy  true,  we  might 
always  separate  the  C4>l(Hirs  of  natural  bodies  by  refraction  intoa  number  of 
diffimnt  povtioDs^  with  dark  spaces  interveaing ;  for  every  part  of  a  thin 
plate  which  exhibits  the  appearance  of  cokmr,  affords  soch  a  divided 
spectrum,  when  viewed  tlirough  a  prism.  There  are  accordingly  many 
aataral  colours  in  which  such  a  separation  may  be  observed  ;  one  of  the 
most  remarkable  (jf  them  is  that  of  blue  glass,  probably  coloured  with 
cobalt,  which  f  rrnTnes  dividcil  into  seven  distinct  portions.  It  seem% 
however,  inipos-iilde  to  suppose  llie  pr  ulnction  of  natural  colour^  ]»prfeetly 
identical  with  those  of  thin  plates,  on  uctuunt  of  the  known  minuteness  u( 
the  partidee  of  colouring  bodies,  uulei>s  tlie  refractive  deiudty  of  these  par- 
tides  be  at  least  20  or  90  times  aa  great  as  that  of  glass  or  water;  which  ia 
indeed  not  at  all  improbable  with  respect  to  the  ultimato  atoms  of  Indies^ 
hut  difficult  to  believe  with  respect  to  any  of  their  arrangements  consti- 
tuting the  diversities  of  material  enbstanees. 


Digitized  by  Google 


ON  THE  NATURE  OF  LIGHT  AND  COLOURS.  969 

The  colours  ui  mixed  plates  constitute  a  distinct  variety  of  the  colours  of 
thin  platos,  which  has  not  been  commonly  observed.  They  appear  when 
ill*  intenUee  between  two  glaawe  nearly  in  etmtecty  is  fiUed  wiUi  a  great 
nimiber  of  minttte  portions  of  two  diiiiBient  eubetucee^  ae  water  and  air, 
oO  and  air,  or  oil  tad  water ;  the  liuiht  which  paMoe  trough  one  of  the 
mediums,  moving  with  a  greater  velocity,  anticipates  the  light  paestng 
throngh  the  other ;  and  their  effeote  on  ^e  igre  being  confounded  and 
combined,  their  interference  produces  an  appeamnce  of  colours  nearly 
similar  to  tliose  of  the  colours  of  simple  thin  plates,  seen  by  transmisKion  ; 
but  at  much  greater  thicknesses,  deju-nding  on  the  difference  of  the  refrac- 
tive densities  of  tiie  substances  employed.  The  effect  is  observed  by  hold- 
ing the  ghuaee  between  the  eye  and  the  termination  of  a  bright  object,  and 
it  is  moet  eonepiciions  in  the  porUon  which  ia  eeen  on  the  dark  part  beyond 
the  object,  being  produced  by  the  light  scattered  irr^larly  the  aar- 
fisces  of  the  fluid.  Here^  howerer,  the  effitcts  are  inverted,  the  colours 
resembling  those  of  the  common  thin  plates  seen  bgr  reflection ;  and  the 
same  considerations  on  the  natore  of  the  reflecti<NW  are  applicable  to  both 
ca»e«i.    (Plate  XXX.  Ft?.  450.) 

The  production  of  the  hu [  (  rnumerary  rftinl>«>wa,  which  are  sometimes 
seen  within  the  primary  an<l  Nvithout  the  sicviudary  bow,  appears  to  be 
intimately  connected  with  that  of  the  colours  of  thin  plates.  We  have 
already  seen  that  the  light  prodndng  the  ordinaiy  r^bow  Is  donbl^  its 
intensity  being  only  greatest  at  its  termination,  where  the  oommon  bow 
Appears,  while  the  whole  light  b  extended  mnoh  more  widely.  The  two 
portions  concerned  in  its  production  must  divide  this  light  into  fringes; 
but  unless  almost  all  the  drops  of  a  shower  happen  to  be  of  the  REune  mag- 
nitude, the  effects  of  these  fringes  must  be  confounded  an<l  destroyed  ;  in 
general,  however,  they  must  at  least  Cfwperate  more  or  less  in  producing 
one  dark  fringe,  which  must  cut  off  the  common  rainbow  much  more 
abruptly  than  it  would  otherwise  have  been  terminated,  and  consequently 
aarist  the  ffistinctness  of  its  ooloais.  The  magnitude  of  tha  drops  of  rain, 
required  for  prodndng  such  of  these  rainbows  as  are  nsnally  obssrred,  is 
between  the  00th  and  the  100th  of  an  inch ;  they  become  gradually  nar- 
rower aa  they  are  more  remAe  from  the  common  rainbows,  nearly  in  the 
same  proportions  as  the  external  fringes  of  a  shadow,  or  the  rings  seeai  in 
a  concave  plate.*    (Plate  XXX.  Fig.  451 .) 

The  last  species  of  tlie  colour*?  of  ulnnlilp  lio-hts;,  which  it  will  he  neces- 
sary to  notice,  constitutes  those  which  have  been  lienominated,  from 
Newton's  experiment.s,  the  colours  of  thick  plates,  hut  which  may  be 
oaDsd,  with  more  propriety,  the  colours  of  concave  mirrors.  The  anterior 
snrfoee  of  a  mirror  of  glass,  or  any  other  transparent  snrfacs  placed  before 
a  speeolum  of  metal,  dissipates  irregularly  in  every  direction  two  poitioos 
of  light,  one  before  and  the  other  after  Its  reflection.  When  the  light  fidle 
obUquely  on  the  mirror,  bdng  admitted  through  an  aperture  near  the 
centre  of  its  curvature,  it  is  easy  to  show,  from  the  laws  of  reflectiou,  that 
the  two  portiooa,  thus  dissipated,  will  conq^ire  in  their  efiects,  thronghout 

♦  Yonnr  '^  F.\it.  ana  Ob^.  relative  to  Pliysical  Optics,  Pli.  Tr.  1804,  p.l.  FotleTi 
Math.  Cuoaidemtiuiis  ou  the  Rainbow,  Tr.  Camb.  Pb.  Soc.  vi.  141. 
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wmqwttHiy  be  whiter  iiid  it  will  be  mnoonded  with  drdaa  «i  cokmn 
Twy  nearly  at  eqnel  dietaooM^  nsembliiig  the  itripee  pndneea  hy  difia»- 
tion.  The  analogy  between  thflti  eoloofe  and  tboae  of  thin  plates  iebjao 
means  so  close  as  Newton  rappoeed  it ;  since  the  effect  of  a  plate  of  any  een.- 

uiderahlo  thickness  mnst  be  absolutely  lost  in  white  light,  after  ten  or 
tweh'p  ;iltrn iriti'iTT?  nf  rn1oiir«  at  most,  while  these  effprts  wnulH  require 
the  wholt  jaxHt.sh  lo  itiiiaiii  unaltered,  or  rather  to  be  renewed,  afttf 
many  tUout>an(h>  or  millions  of  changes.    (Plate  XXX.  Vh^.  4.52.) 

It  la  ptCiQiDed,  that  the  accuracy,  with  which  the  general  law  of  the 
intarfefenee  of  light  haa  been  ihowii  to  be  applioaUe  to  ao  gieat  n  iraiiefy 
of  hOa,  in  eiienmatanecB  the  meet  diadmilar,  will  be  allowed  to  eataUidL 
its  raliditj  in  the  meet  aatirfectoiy  manner.  The  foil  oonliimatiim  er 
deeided  rejecUon  ef  the  theory,  by  which  this  law  was  first  suggested,  ean 
he  expected  from  time  and  experience  alone ;  if  it  be  confuted,  our 
prospects  will  again  be  confined  within  ih^\r  ancient  linuts,  but  if  it  be 
fully  established,  we  may  expect  an  ample  extension  of  our  views  of  the 
operations  of  nature,  by  means  of  our  acquaintance  with  a  medium,  no 
powerful  and  so  universal,  oa  that  to  whidi  the  propagation  of  Ught  most 
be  attributed. 

[Hie  principle  of  ml§ifHme$  iriiieh  Dr.  Yonng  advaneed  in  Una  leetan 
and  daewheie,  haa  done  much  towards  establiahing  the  undnktoiy  thaoiy 
as  a  trae  physical  theory.   This  principle  expluns  in  the  most  tallefan^ 

tory  way,  not  only  tlie  colours  of  thin  plates,  the  fringes  which  accompany 
shad  nvs,  ;in1  tVir  like,  hut  more  refined  and  complicated  phenomenft,  such 
as  those  produced  by  ])lacing  gratiuj^s  of  ditierent  forms  I  f  f- re  the  object 
glass  of  a  telescope.  ITie  simplest  form  in  which  tlie  operatiou  of  inter- 
fcrlng  light  is  witnecsed,  and  eoocequently  the  most  direct  mode  of  com- 
paring theory  with  experiment^  ia  to  anHinr  a  email  pencil  of  to  fidl 
on  a  priimof  a  my  laige  angle  (eay  179^).  Hie  two  eidce  of  thia  prima 
oooatitnte  two  prisma  of  an  ang^  of  each,  and  aenre  to  b^  the  mmo 
pencil  ao  aa  to  render  it  Tirtoally  two.  By  receiving  the  light  from  these 
two  pencils  on  any  eye  piece,  it  is  evident  that,  in  different  parts  of  the 
field  of  view,  the  one  will  mix  with  the  other  h\  different  stat<»f  nf  distance 
from  the  original  focus.  In  the  centre  both  will  have  travelled  the  ^iune 
distance,  and  there  will  be  a  white  bar  formed  by  their  mixture.  On  each 
side  of  this^  at  a  certain  distance,  the  one  will  have  travelled  further  than 
the  other  by  half  the  length  of  a  wave*  Here  the  motbna  ef  the  one  will 
be  the  revene  of  those  of  the  other — ths  one,  for  inetanee,  tending  to  nSm 
a  parHeie  of  the  nndulating  medium,  whilst  the  other  tends  to  d^preea  it» 
and  by  the  eame  amount.  The  result  is,  tlmt  no  motion  at  all  ensues,  and 
we  are  presented  with  a  dark  bar :  and  »o  on.  Moreover,  as  the  lengths 
of  the  waves  are  different  for  different  colour^,  the  nrxt  hri'-rhf  bar  will  not 
be  quite  whit^,  thp  space  requisite  to  allow  the  one  pencil  to  be  in  advance 
of  the  other  by  a  u  lioic  undulation  (which  is  equivalent  to  not  being  in 
advance  of  it  at  all),  being  less  for  the  vblei  rays  than  for  the  red.  We 
find,  conseqaently,  a  coloured  firings ;  and  aa  we  recede  from  the  oentre, 
the  bare  become  mote  and  more  coloured,  until  the  dark  of  the  one  alto-} 
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fffcther  oMit^r.ites  the  liijht  of  the  other  colour.  Nothing:  can  he  more 
satisfactory  than  the  explanation  which  the  tiieory  affords  of  nuch  jihcno- 
mena,  and,  whilst  we  do  not  assort  that  it  has  a.s  yet  ))rought  every 
obaerved  fact  within  its  pale,  yet  it  does  not  appear  tliat  the  arguments 
whieh  wen  niNd  a^inal  it  Imre  any  paw«r  to  duJw  ii.  R^rding  it 
M  true^  we  Bhali  adopi  its  knguage  in  giving  a  very  briaf  dnteli  of  llit 
fAmooiMia  of  poUrind  l^t. 

It  hsB  been  stated  dial  whrai  «  pencil  of  li^^t  hUs  on  a  surface  of  loe- 
laod  fipsr,  U  is  divided  into  two.   Huygens,  by  tlM  hypotheeis  that  ont 
series  of  waves  diverjsres  into  a  sphcroitl,  whilst  the  other  diverges  into  a 
s|di»'r*\  v;:\\(d  a  most  satisfactory  explanation  of  the  course  of  the  two  rjiy<  ; 
and  iu:i  conclusions  were  confinned  by  the  accurate  measurements  of  Wol- 
laston.*    Dr.  Young t  perceived  that  tlm  difftreuce  of  divergence  must 
arise  from  a  difl^noe  of  elasticity  within  the  crystal.    Combining  this 
with  the  idea  of  Newton^  that  a  ray  of  light  posseeieB  sides,  the  hypothesis 
of  a  inmsvene  Tibntiott  is  a  natiund  rssolt.  Dr*  Yonng  advanoed  this 
hypodiesis  about  1817»  and  from  that  period  the  progrsss  ni  ih»  theoty 
has  been  rapid  and  satisfactory.    The  hypothesis  omsists  in  supposing 
that  the  particles  of  light  do  not,  like  those  whose  motions  constitute  sound, 
oscillate  in  the  direction  of  the  wave,  >>nt  transversely  to  it,  so  as  more  to 
reaemhlc  those  of  the  particles  of  water  wliich  move  up  and  down  whilst 
the  wave  advances  horizont^Uly.    The  explanation  of  double  refraction  is 
now  quite  simple.   A  ray  of  light  falls  on  the  surface  of  a  crystal,  the 
ahutieity  of  whioh  is  dilfinmt  in  differsiit  directions.  The  motions^  oon* 
aaqoently,  an  not  all  transmitted  with  the  same  Telocity,  and  as  the  index 
of  refraction  depends  <m  the  nloeity,  one  set  of  Tibrationa  will,  on  emer- 
gence, be  totally  separated  from  another.  MovBonr,  the  light  on  emerging 
is  quite  different  from  common  light.  In  each  ray  it  consists  only  of  vibra- 
tions in  one  direction.    Suppose,  therefore,  one  of  these  rays  to  fall  on  a 
second  crystal  placed  in  a  similar  |ii>sition  with  the  first,  it  will  not  now  be 
divided  into  two,  but  will  euitrge  just  as  it  entered.   Light  which  consists  of 
vibrations  in  one  direction  only  is  termed  polarized  light.   It  was  discovered 
by  Halos  that  light  reflected  from  the  same  face  of  unsilvered  glass  is  more 
or  Isss  polariaed ;  and  Brawster  ascertained  that  it  is  perfectly  so,  when  the 
tangent  of  the  angle  of  incidence  is  eqnal  to  the  refractiTO  indeac,  and  also 
tlint  the  transmitted  ray  is  partially  polarised.  Uoreorei^  Seebeoh  and  Biot 
discoretod  a  property  of  the  tourmaline,  that  when  it  is  cnt  into  slices, 
whose  surfaces  are  parallel  to  the  axis  of  the  ciyslal,  it  absorbs  one  of  the 
two  rays,  and  consequently  transmits  a  polarized  ray  only.    Thus  we  are 
presented  with  various  ways  of  effecting  the  polarization  of  light.  The 
simplest  to  understand  is  that  by  the  tournmlinc,  and  to  it  we  shall  conse- 
quently refer.    On  looking  througii  a  plate  of  tourmaiuie,  the  effect  to  the 
eye  is  similar  to  that  prodnesd  by  a  bit  of  coloured  glass.  If  a  second  • 
plato  of  toormaBne  be  placed  on  the  first,  so  that  their  axes  an  parallel  to 
each  other,  the  sassa  is  trae.  But  if  the  axis  of  the  one  be  perpendienlar 
to  that  of  the  otiier,  the  one  horizontal,  the  other  Tcrtacal,  the  compound 
plate  becomes  opaqne.  The  first  sufierinig  only  horisontal  vibntions  to] 
*  P|i.  IV.  1S02,  p.  381.  t  Qmiterlr  Bevisir,  1B09,  fUH. 
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[pass  through  it,  the  M"crsn»l  only  vertical  ones.  Another  rfmarkaMe  pro- 
perty of  crystals  wan  iHm  uvered  hy  M.  Arago,  that  of  depolarizing  Ught. 
A  piftle  of  leehinii  spar  cut  perpeuiiicular  to  the  axes,  and  pbiced  between 
two  toniiMlhiei^  codiilriti  a  beaiitifbl  lerict  of  eoncentiic 
by  a  dank  or  In^lit  nctangqlar  enm  Thisooniplex  plmioiiMnottadiniti 
of  tho  readiest  explatiilion.  SappoM  tiho  mxm  of  tho  toamaBnoo  at  ri|^ 
angles  to  each  other.  The  light  which  has  passed  through  the  first  con- 
«•!•  of  horizontal  Tibrations  only.  These  fall  on  the  plate  of  Iceland 
fpar,  which  lifincr  s\'TnnnHrical  relative  to  its  axis,  those  vibrations  which 
fall  perpend  u  I  ili  ily  on  it  [>a«s  through  withont  su  fife  ring  any  modification. 
Tiiey  arc  subsetjucntly  stopj  i'  l  hy  the  fj^-c-ond  tonrmaline,  and  hence  a 
dark  horizoutal  baud.  For  a  nearly  siiniiat  reason  tiiere  is  a  dark  vertical 
band.  The  direction  of  notioitof  the  particles  in  these  cases  is  either 
coincident  with  or  at  riglit  aqg^  to  a  plvia  which  panee  ihnngh  tiw  raj 
and  ttio  aads  of  tho  ^yikaL  Bat  m  odiar  plaoaa^  tiio  diieetaon  of  motion 
io  oblique  to  oach  a  phino,  and  the  ray  is  doubly  reftictodt  *9  ^^Mi  on 
emergence  it  oonsista  of  two^  which  on  being  nmted  no  longer  fonn  a 
polarized  ray  as  Wfore.  The  second  tmirmaline,  con^uently,  is  incapa- 
ble of  wholly  absorbing  this  ray,  aui]  tinif  we  are  presentf'd  with  brightness. 
Moreover,  the  distance  from  tlie  centre  at  which  the  maxiin.t  <>f  bric:htnes8 
occur  depends  on  the  Icngtli  of  tlie  ware ;  these  maxima  ore  therefore 
recurring,  uid  fonn  rings,  which,  since  the  warec  of  different  eoiaan  are 
diliennt  in  length,  miiit  be  coloofed. 

Sneh  ie  an  oalBne  of  the  explanation  afibrded  by  the  principlei  of  thb 
leetore  to  the  phenomena  of  double  redaction  and  polarintion.  To  enter 
into  detail  exceeds  our  limits.  Wo  mnet  refer  the  reader  to  Airy*e 
Mathematical  Tracts,  or  Lloyd's  Lectures  on  Light,  the  latter  bptnir  n, 
popular  treatise.  In  Gehler's  rhyaikalisches  Wnrterbuch,  art.  Tii  lula- 
tions  (1842),  is  a  tolerably  complete  analytical  investigation  of  the  Hubject.] 
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TnM  de  Ph.  vol.  It.  Marx  (two  tourmalines)  ScUweigger'a  Jahrb.  xix.  167. 
Airy  on  a  new  Analyser,  Camb.  Tr.  Nicol's  Polarixing  Pristn,  Edinb.  Ph.  Joor. 
XX.  83.  Hachette,  Descrip.  de  TApp.  de  M.  Nurrcnberg.  Ballet.  dekSoe.  FUlom. 
1833.    Dore,  Pogg.  Ann.  xxxr,  59ti.    Scientific  Memoirs,  i.  86. 

Polarization  tf  Ruction. — Malus  sur  one  Propria  de  la  Lomi^  Reflechie, 
yUm.  d'Arcueil,  ii.  143,  254,  Mayer,  Com.  Gott.  1813,  p.  1.  Brewster  on  the 
Laws  of  Polarization  by  KeflectioQ,  Ph.  Tr.  1815,  p.  125  ;  1830,  pp.  69,  145.  Se«. 
het±  on  do.  4to,  B«rtln,  1830;  and  Fogg.  Ann.  n.  87;  aoi.  88,  890;  nii.  186 ; 
and  xxxTiii.  276. 

Polarization  l^j/  Rtfraclion.— Brtv!stcr,  Ph.  Tr.  1816,  p.  46;  18^0,  pp.  133,  145. 

Circular  Polarization  by  Reflection. — Fresnel,  Ann.  de  Chimie,  zm.  175. 

Elliptic  Pohrirndon.  —  Fresnf!,  M^;n.  sur  !a  T^oi  (ie<i  Modifi€*ation8  que  la  Re- 
flexion imprimeii  La  Luoiiere  polart^-«i,  Ann.  dc  Chimie,  xlvi.  225.  Brewster,  El» 
liptio  Pol.  exhibited  in  the  Action  of  M«tak  upon  Uglit,  Ph.  Tkr.  1830,  p.  88. 
Nenmann,  Theorip,  Pot^??.  Ann.  xrvi.  89. 

DepolanzaiiuH. — Amgo,  Mum.  sur  une  Modilioitiuu,  qu  Kprouveut  lr«  Rayons 
Lnmineux  dans  leur  Passage  k  travers  certains  Corps  Diaphanes,  M^m.  de  Tln- 
stitiit,  Tii.  9?)  (l«n).  Hrfwcter,  New  Phil.  Inst.  1813.  On  the  AfTrrfions  of  Light 
transmitted  tliruuuU  cry»tallir.ed  Bodies,  Ph.  Tr.  1814,  p.  187.  Laws  of  Pol.  in 
Crystals,  IHIM.  j,.  199.  Biot,  Mem.  dc  I'lustitut,  1812,  i.  1,  II.L ;  1816,  p.  275  ; 
1818,  p.  l.sr..  M^m.  d'Arcueil,  iii.  132.  Lloyd  on  the  Phsenomena  by  l.vM 
pas«ing  alonu;  ihe  axes  of  biaxal  Crystals,  Ph.  Mag.  xi.  112,  207.  Pottpr.  iLid.  ; 
together  with  v^nuu.'s  n  i  niuirs  on  the  action  of  different  crystals,  such  as  Brewi^ter 
on  Agate,  Ph.  Tr.  1813,  p.  101  ;  on  Calcspar,  &c.  18U,  p.  203;  1815,  p.  270. 
Ed.  Tr.  yiii.  270.  Apophyllite,  ibid.  ix.  317.  Gluubcrite,  ibid.  xi.  273.  Analcime, 
1822.  Amethyst,  ix.  139.  Muriate  of  Soda,  &c.  viti.  157.  Topaz,  Camb.  Tr. 
1822,  ii.  1.  Lithion  Mica,  Ed.  Jour.  ii.  '205  Oxhaveritc,  No.  13,  p.  115. 
Uuuuond,  ibid.  iiL  98  ;  Ph.  Mag.  rii.  245.  Haytorit,  Ed.  Jour.  vi.  301.  Fresnel 
on  Rock  Crystal,  Ann.  de  Oh.  xxviii.  14  7.  Herschel  on  do.  Camb.  Tr.  L  43. 
HcT«chel  rin  Hornx,  Quetol.  Corres.  vii.  77.  BimrMnate  of  Potash,  art.  Llpht, 
$  1082,  Apophyllite,  Camb.  Tr.  i.  241.  Airy  on  Quartz,  Camb.  Tr.  iv.  79,  195*. 
Miller,  Crystals  of  Oblique  Prismatic  Syrt«n,  Camb.  Tr.  t.  3. 

Oompreued  and  heated  G/oss.&'c.— Brewster,  Ph.  Tr.  1814,  p.  436  ;  1815,  pp. 
1,  60;  1816,  pp.  46,  311  ;  Ed.  Tr.  yiii.  353.  Effect  of  Comp.  on  Crystals,  ibid. 
Tiii.  281.  Eflect  of  Heat  on  do.  Mitscherlich,  Pogf<  Am.  viii  519;  z.  137; 
xli.  213.  Brewster,  Ph.  Mitr  i.  417.  Rudberg,  Pogg.  Ann.xxvi.  291.  Neumann, 
ibid.  xxxT.  81.  Sccbeck,  Schweig.  Jour.  vii.  284.  Effect  of  Vibration  on  Glass, 
Biot,  Ann.  de  Ch.  xiii.  151.  Double  Refraction  of  do.  Fresnel,  Annales  de  di. 
XX.  37r>.    I^rpwster,  Ph.  Tr.  1830,  p.  87.    Gu^rard,  Compte  Rendne,  jdx.  474. 

i^Ki^.— Biot,  Traits  de  Phj.  ir.  536 ;  Ann.  de  Chimie,  IiL  58,  72. 

UndnUiory  T^ltorjf.— BeaidM  ninij  HMmoin  alKAdT  mentkmed,  see  the  follow- 
inr  TVrrrftxff  • — Young,  Supp,  to  Encyc.  Brit.  art.  Chromatics.  Fresnel,  Sopp. 
a  k  Traduction  Fran^oise  de  la  5me  tsd.  da  Traits  de  Chimie  de  Thomson,  par 
RifGsult,  Paris,  1823.  Herscfad'a  art.  Light,  fai  tibe  Baeye.  Hdarop.  and  the  Frencii 
Translation  of  it  by  Quetelet  and  Vrrhiilst.  Airy's  Trirt  on  thr  IjTKbilatory 
Ilieorj,  in  his  Tracts,  2nd  edition,  Camb.  1831.  Schwerd,  Die  Beugungserschei- 
anagen  «it  den  ItedunmtalgMelKB  dor  UndulatioM  Thearis  analytisch  ent> 
wickcit,  4to,  Monidx,  1835  Pnwrll  The  Umbibtoiy  ThMfy  qipUied  to  XUipor- 
sion,  &c.  184.   Lloyd's  Lectures,  JDubiiu,  1836-41. 

J#«mo<rt. — ^Laplaoe  wot  lo  Mottfomont  do  1ft  Lmattro  tot  1m  Corps  Disphanes, 
Mem.  Hr  1'hi<;t.  1809,  p.  300.  Mains,  Tbforio  de  la  Doable  Refraction,  4to,  1810. 
Fresnel,  Annaks  de  Chimie,  1815.  £xpL  do  BefractaoB,  ibid.  xt.  379.  Note  sur 
le  Calcnl  det  Teintes  que  la  Folarisatton  dereloppe  dm  lea  Lamea  crjftallis^, 
ibid.  xvii.  ]  p  102,  167,  3^2.  Drs  Annn'ix  rolor^s.  ibid.  xxli.  129.  Arago,  ibid.  i. 
199.  Fresnel  snr  la  Double  Refruction,  M^m.  de  I'lost.  1827,  vii.  45.  Navier,  sur 
1b  Mowronaot  dot  Corps  fiastiques,  ibid.  vtt.  37ft.  Pdteon,  do.  Tffi.  and  x. 
Canchy  on  do.  ibid.  ix.  114.  Theorie  de  la  LtimiTre,  ibid.  x.  293.  Exfrri  -es  do 
Math.  T.  19,  &c.  Ampere,  Ann.  de  Ch.  xxxix.  113.  On  the  Laws  of  liefracUon, 
Mte*  dol'I&tk.  sir.  835.  Nemaanii,  Theorie  dor  Doppletm  StnUeiibrednm^i  Pogg* 
Ann.  XXV.  418.  On  Crystalline  Reflection,  4to,  Bcrl.  1837,  and  Prrlin  Mem.  xxii. 
1.  ChalUa,  Ph.  Mag.  xi.  161.  Hamilton,  Theory  of  Systems  of  Rays,  Ir.  Tr.  xv. 
80;  xtLI.M.  lI*Callagh  on  Double  Refracttoo,  ibid.xn.  Qeomeifieal  Pro- 
poiitioiii  applied  Co  tiie  Were  Tlworf  of  Ugiit,  ibid.xvtii.  QDCfyeteUliieHrflee* 
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tion,  ibid,  xriii.  Kelland  on  the  Transmis.«don  of  Li^lit  in  eiystalLixed  Media,  C-Ainb. 
Tr.  vi.  32a.  On  Reflectiou,  £d.  Tr.  xiv.  393 ;  xv.37,  511.  On  the  Aggr^m 
Effiset  of  Ititerferenee,  Cainb.  Tt,  irli.  Ed.  Ti,  St&.  Gram  an  Baflartiw, 
&e.  Camb'  Tr.  vii. 


LECTURE  XL. 


ON  THE  HlfiTORY  OF  OPTICS. 

The  sdenee  of  optie§  !i  not  one  of  thow  which  had  been  coltiTated  with 
ihe  greatest  dUigenoe  and  mcee«  by  the  phlkiM^heKe  of  antiqaitj ;  a]mMt 
iBvexy  refinement  lelath^  to  it  has  originated  in  the  oourae  of  about  two 
eentorice ;  and  some  of  its  greatest  impiovenif  nts  have  heen  made  within 
these  fifty  years.   The  reflection  of  the  rays  of  light  i»  indeed  lua  ooow^ 
renrc  too  frojuont  and  too  obvious  to  have  escaped  the  notice  even  of  the 
tarlicflt observers :  a  river  or  a  fountain  wim  the  first  mirror  ;  its  efft^t  was 
easily  imitate<l  by  speculuins  of  metal  :  and  as  soon  .hh  any  philiij^ophiea! 
attention  was  })aid  to  the  phenomenon,  it  was  easy  t"  c  lleet  the  erjmility 
of  the  angles  of  incidence  and  reflection;  but  althuiigii  it  was  well  known 
tliat  an  uar,  partially  immersed  in  water,  no  longer  appeared  straight,  it 
was  long  before  any  attempts  were  made  to  ascertain  the  rdatioii  between 
the  angles  of  incidence  and  refraction.   Hm  Greeks  wen^  howerer, 
acquainted  with  the  properties  cf  the  burning  glssi^  wfaidi  was  sold  as  a 
cnriorily  in  the  toy  shops ;  for  it  is  wdl  known,  that  one  of  the  per* 
.sonages  intiodnced  by  Aristophanes,*  proposes  to  destroy  the  p^cn 
[writing  in  wax]  of  his  advei^fiaiy  by  the  asrislanee  of  this  instrvneai. 
The  magnifying  powers  of  lenses  were,  however,  but  little  onderstood, 
although  it  is  scarcely  credible  that  they  could  have  escaped  the  notice  of 
a  person  in  possession  of  a  buminir  trlass  ;  it  aj)pears  from  Seneca  that  the 
Romans  at  least  were  informed  ot  the  effects  of  Hpherii  il  refractin?  «\ih- 
stances,  and  it  iu  not  improbable  that  some  uae  was  occasionally  made  of 
them  in  the  arts. 

Empedoclea  is  perhaps  the  first  person  on  record  that  wrote  systemati- 
cally on  light.  He  maintained  that  it  consisted  of  particles  projected  from 
inminoQS  bodies,  and  that  vision  was  peifonned  both  by  the  aflbet  of  tot 
particles  on  the  eye,  and  by  means  of  a  Tisnal  infinenee  emitted  by  the  eye 
itself.  Both  of  these  doctrines  were  combated  by  Aristotle,t  who  thooglit 
it  absQid  to  suppose  that  a  Tisnal  inflnenoe  shonld  be  emitted  by  the  cyi^ 
and  that  it  should  not  enable  ns  to  see  in  the  dark ;  and  who  considered  it 
aa  mora  probable  that  light  oonsisted  in  an  impulse,  propagated  through  a 
continnons  medium,  than  in  an  emanation  of  distinct  particles.  Light,  be 

•*  *  Nnbe«. 

t  Dr  Srn^n.  u.  8ic.   Bot coiBpore  McteoT.  i*  6 ;  iiL  4,  ft;  ind see  snihoritiei is 
Kdland's  Lectures,  p.  6. 
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tmyUf  is  the  action  of  a  ttuqiawBt  wibrtance ;  and  if  there  were  abeolutely 
no  medium  between  the  eye  and  any  Tiaible  object^  it  would  be  abaolutely 
impossible  that  we  shonW  it. 

It  is  said  that  AixliiiiHtlLs  ijuide  a  t  ompmind  burning  mirror,  of  suffi- 
cient power  to  on  tire  the  Koman  ships  ;  in  this  form  the  t>tory  is 
scarcely  probable,  although  the  possibility  of  burning  an  object  at  a  great 
diatonce  by  a  collection  of  plane  mirrors  has  been  Buthciently  shown  by 
tka  experiments  of  Buffon.*  It  is,  however,  not  unlikely  that  Archimedes 
WW  Mqvaiiitod  with  tlie  propertiee  of  Tefleeting  Buzfaeee^t  and  that  he 
ooniniied  hia  tboorieabj  aome  experimantal  iuTestigatioiia*  The  work  on 
cateptrici^  attribiited  to  Eadid,  oontains  tin  fletarmination  of  the  eflects  of 
ralteoling  aiufteea  of  dilierant  Ibnna;  but  it  ia  not  snppoaed  to  be  genuine. 
Tfao  existence  and  the  magnitade  of  the  atmoapherio  refraetion  were  weD 
knoAvn  to  Ptdemy,  and  a  treatiae  of  this  aetronomer  on  the  aobjeet  ia  stiU 
extant  in  manuscript. 

Thp  mnthematical  theory  of  optirs,  or  the  science  of  dioptrics  and 
« at  >i)tii(>,  made  .some  advances  in  the  middle  ages  from  the  labours  of 
Alhcuen  and  Vitellio.J  Alhazen  was  mistaken  in  some  of  his  proposi- 
tions respecting  refraetion  ;  Vitellio,  a  native  of  I'ulajid,  gave  a  more 
correct  theory  of  this  subject,  and  constructed  a  table  of  refractive  densi- 
ties, showing  the  supposed  proportions  of  ^  angles  of  incidence  and 
lefraetlon  lathe  re8pectiTemedinms.§ 

The  invention  of  the  mBfpe  lantern  is  afttribnted  to  Roger  Bacon,  and 
the  lena  waa  aoon  aftarwaida  conunoiily  applied  to  the  aaaistanee  of  de* 
fMtfvt  aigiit  It  haa  been  much  diapnted  whether  or  no  Baoon  waa  ac- 
quainted with  tekaoopea ;  the  prevalent  opinion  is,  that  the  paaaagei^ 
which  liave  been  all^d  to  prove  it,  are  inaofficient  for  the  purpose ;  but 
there  is  reason  to  anipeol^  from  the  testimony  of  Recorde,||  who  wrote  in 
1651,  not  only  that  Bacon  had  actually  invented  a  telescope,  but  that 
Recorde  himself  knew  something  of  its  construction.  Dicrges  also,  in  a 
work  pul  lisiud  in  1.571,^  has  a  passage  of  a  similar  nature,  and  from 
Bacoii's  own  words  it  hm  been  conjectured  that  an  instrument  resem- 
bling a  telescope  was  even  of  much  higher  antiquity.  But  the  first  person 
who  is  certainly  known  to  have  made  a  telescope,  is  Janson,  a  Dutchman, 
whose  son,  by  aoddent  placing  a  eoncave  and  a  convex  spectacle  glass  at 
n  little  diahMiffft  fram  each  other^  observed  the  inereaaed  apparent  mag;, 
nitade  of  an  object  eeen  throa^  them  ;  the  firfher  npon  this  fixed  two 
anch  gtsssna  in  n  tobe  a  few  inchea  loi^,  and  sold  the  instrument  in  ^ 
form.**  He  also  made  some  tdescopea  of  greater  powers^  and  one  of  hia 

*  Ph.  Tr.  niH.  r-  ^^t- 

t  See  Kircher's  Ar«  Magna  Lucis  et  UtnbrK,  4to,  1640.  TartiOiDi,  Fh.  Tr. 
1754,  p.  621. 

J  Optica;  Thesaurus  per  Risncruiri,  f»l   L' i.-^le,  1572. 

§  Kepier,  in  his  FaraUpomeoa  ad  ViteUiouem,  4to,  Frank!'.  1604,  laboured  un- 
tnocessfully  to  diaoofer  tbe  ftras  iMr  of  raftectieii* 
II  See  Ph.  Mag.  zviii.  245. 

^  P.intomptnn. 

**  BoreiiuB,  De  Vero  Telesoopii  Inventore,  4tu,  H«^,  1655. 
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funilX  di0eoT«»d  %  aatdlite  of  Jupiter  wilh  tliMii.*  Galileot  bad  haud 
of  tlw  instanxDent^  but  liad  not  \mn  iofornnd  of  tha  paitifliikn  of  ito  eon- 
rtraetion ;  he  remyeiited  H  in  1608i»  md  tiio  foUowiag  ymrt  vediaoofend 
alio  tin  aataUite  which  JanaoD  had  seen  a  little  before. 

It  was,  however,  Kepler  §  that  first  reduced  the  theory  of  the  telescope 
to  its  true  principle** ;  he  laid  down  the  common  rules  fur  fiiiilin^  the  focal 
lengths  uf  simple  lenses  of  glass  ;  lie  showed  how  to  detemnne  the  nincni- 
fying  power  of  tlie  telescope,  and  pointed  out  the  construction  of  the  simple 
astronomicul  telescope,  which  is  more  convenient  for  accurate  ohservatioiu 
than  the  Galilean  telescope,  since  the  micrometer  may  be  more  easily  applied 
to  it ;  a  third  ^lass,  for  reeovexingtfaa  erect  poeition  of  the  object,  waaaller> 
warde  added  by  Scbeiner»  and  a  fourth,  for  ixuaneaeing  the  field  of  yiew»  by 
Bhnte.  Kepler  made  also  eome  good  experimente  on  the  nature  of  coknmd 
bodies^  and  abowed  the  inverted  situation  of  the  image  formed  on  the  retina 
of  the  eye.  Maurolycus||  of  Messina  had  demonstrated,  in  157o,  that  the 
pencils  of  li^^ht  are  1)rou»ht  to  focal  pointe  on  the  retina  ;  Kepler'e  obeer- 
Tations  were  thirty  or  forty  years  later. 

The  next  great  Rtej)  in  optics  was  made  hy  Dc  Doniinis,^  who  in  1611 
first  explained  the  cause  of  the  interior  or  primary  rainbow,  and  thia  was 
80<m  followed  by  a  etill  more  important  diacovery  respecting  the  natnra  of 
refraction,  firet  made  by  Snellinis  who  aaeertMned,  about  lfi2]>  that  the 
einee  of  the  aaglea  of  incidence  and  refraotum  are  alwaya  in  the  aamo  pro- 
portion to  each  other  at  the  same  anrfiMse ;  he  ^ed,  however,  in  102^ 
without  having  made  hiadiacovery  public.  Descartes  is  generally  supposed 
to  have  seen Snellius's  papers,  although  he  published  the  law  of  refraction** 
without  acknowledging  to  whom  he  was  indebted  for  it.  Descartes  also 
explained  theformatiun  of  the  secondary  rami i  >\v,tt  and  truly  determined 
the  angular  maguitude  of  both  the  bows  from  mathematical  principles ;  he 
did  not,  however,  give  a  eofficient  reason  for  the  production  of  ooloivs  in 
either  caee.  Beecartee  imagined  li^t  to  conaiat  in  motion,  or  rather  pree- 
flor^  tranamitted  inatantaneonaly  ihxongfa  a  medium  iniioitdfy  daakic^  and 
oolonia  he  attributed  to  a  rotatory  motion  of  the  particles  of  thia  madinm*}) 
He  aappoeed  tiiat  light  paaaed  more  r^>idly  through  a  denser  medium  than 
throiii:]i  a  rarer;  other  philosophers  about  the  same  time  mnintiiinetl  a 
contrary  opinion,  witliout  deciding  with  respect  i<>  nny  m  lu  inl  thfory  of 
light:  thus  Fcnuat  and  Leil)nitz  deduced,  on  thi^  ^ii]  ji.  >it!oM,  tlie  patii  of 
refracted  light  from  the  natural  tendency  of  every  body  to  attain  its  end 

*  Borelliu.  De  Vero  Teleioopii  laventore,  4to,  Hagae,  1655.  p.  40.  Thatfio- 
reUus  had  no  jii-t  rT*nunds  for  thin  statement  is  shown  by  Moll,  Journal  of  the  Roy. 
Inst.  Nos.  2  and  ;i  i  and  Drinkwater^  Ph.  Mag.  1832,  i.  14.  The  credit  of  the  dis- 
covery of  Ja|rilMr's  ntaOitee  ie  eertaiaiy  doe  to  Galileo. 

t  Opere,  li.  4. 

X  Ibid.  p.  17,  and  Nandas  Sidereus,  Venet.  1610. 
§  DiopMee,  4to,  Angsb.  1611. 

II  Thcoremata  de  Lomirp,  Ito,  Lngd.  101*^, 

f  De  Riuliis  visis  in  lhd«,  4to,  Venet.  1611.  But  s^DescartM,  Meteorom,  cap. 
viii.  p.  196. 

Spectm.  IMoptriccs,  chap.  ii.  $  7.    See  Huygens,  Dioptrica,  p.  2. 
ft  Spec.  Meteorum,  chap.  viii.  tX  1^  Lunioe,  chap.  i. 
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by  the  shortest  possible  w&y  ;*  and  Barrowf  derived  tiie  same  law,  in  a 
mom  gmnetrical  manner,  from  a  rimilar  hypothesis  respecting  the  Telocity 
of  light,  by  comidmiiig  a  pendl  of  light  as  a  oolhetKni  of  ooUattral  faya 
MaMiriiig  each  oflm^s  motiona.  We  an  indebted  to  this  learned  mathe* 
mitinian  for  tlie  first  aeeacate  iuTMligaftioB  of  tho  proportiaa  of  refraetiiif 
and  reflecting  surfaooi^  and  for  the  moat  genual  determiaatioa  of  the  dtn- 
ations  of  focal  points. 

The  iadustriouB  Mr.  Boyle  {  had  noticed  with  attention  the  phosphorea- 
cence  of  diamonds,  the  colours  produced  by  the  effect  of  scratches  on  the 
Min-faces  of  poli«hed  metals,  and  the  diversified  tints  which  a  hnl)hleora 
him  of  soapy  water  usually  nnmimes.  His  assistant.  Dr.  Hooke,  iuvesti- 
gjitp<l  these  and  other  similar  appearances  with  still  greater  accuracy,  and 
propui^d,  in  his  MicwHj^aphia,  which  was  published  in  l«)<>.),  a  theorv  of 
light  considerably  resembliug  that  of  Descartes  :  he  supposes  that  light 
an  impnlee  propagated  through  a  medium  highly,  but  not  infinitely, 
elaetic  ;§  that  rrfraetion  b  produced  by  the  readier  ttaaamiarion  of  Ught 
throng  the  denser  medinm,  and  that  dilerenoe  of  oolonr  oonaiets  in  the 
diiGnent  law  of  the  parttcolar  impnlae  oonetitntnig  eohmted  ligh^  eo  that 
red  and  blue  diKcr  from  each  other  in  the  same  manner  aa  the  aonnd  of  a 
violin  and  of  a  flute.  He  explained  the  colours  of  thin  platea  from  the 
interfBrence  of  two  such  pulses  partially  leAeeted  from  the  upper  and  under 
surface  ;||  hut  the  hypothesis  which  he  assumed  respecting  the  nature  of 
coloiir?^,  rcnderH  tins  explanation  wholly  inadequate,  nor  were  the  pheno- 
mena at  that  time  sufficiently  investigated  for  a  complete  aolution  of  the 
difficulties  attending  them. 

It  was  still  believed  that  every  refraction  actually  produces  colour,  instead 
of  separating  the  colours  already  existing  in  white  light ;  but  in  the  year 
Newton  first  made  the  important  discovery  of  the  actual  existence  of 
ookiin  of  all  Unda  in  white  light,  whieh  he  diowed  to  be  no  other  than  a 
oompoond  of  aO  poesihle  eolom^  mixed  in  certain  proportions  with  each 
other,  and  capable  of  being  sepaMtod  by  lefraotimi  of  any  land. 

About  the  same  time  that  Newton  waa  mating  hie  earliest  experiments 
on  refraction,  GrtmaUi'e  tieatise  on  light  appeared  ;ir  it  contained  many 
interesting  oqieriments  and  ingenious  remarkB  on  the  effects  of  diffraction^ 
which  is  the  name  that  he  gave  to  the  spreading  of  light  in  every  direction, 
upon  its  R»linission  into  a  dark  chamber,  and  on  the  colours  which  usually 
accompany  tli(  so  effects.  He  h.ifl  pven  ohservfd  thnt  in  soinp  instano^  the 
light  of  ne  ]iencil  tended  to  extinguish  tli:it  of  another,  hut  he  had  not 
hu{uire<l  in  what  cases  and  according  to  what  laws,  suoh  an  interference 
must  be  expected. 

The  discoveriea  of  NeMrton  were  not  received  without  some  controversy 
either  St  home  or  abroad ;  the  essential  points  of  his  theory  were»howevw» 
soon  sstaUislied,  bnt  Dr.  Hooice  very  warmly  oppoeed  tite  by  pothesia  which 

*  See  M.uip('rtius,  Hist,  et  M^m.  de  Paris,  I744»  p.  417,  U.ft9. 

t  Lectioues  Optica,  4to,  Caateb.  1674. 

t  Wofin,  iii.804.  $  Microg.  p.  56. 

II  Micfojr.  p.  f>5. 

'%  PhjsicO'Matheais  de  Lamine,  Bonon.  1665* 
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WtwtophadB^ggMtodgwpectMigtiiciiatiireaBdpro^^  On 
llus  Md»j«ci  Newton  professed  himself  bj  no  means  tenariimi  ;  he  was  no^ 

Iiowerer,  convinced  by  Dr.  Hooke^  and  didUwd  the  dbpnte  so  much,  tliat 
he  defei  i-ed  the  publication  of  his  treatise  on  optics  till  after  Hooke's  death 
ill  ITO-'?.  Yf-ry  ^non  sifter  fiis  fir^t  communication  to  the  Itoyal  Society,  in 
1072,  he  liiid  »enL  tiieia  a  (itscription  of  his  reflecting  telescope,t  which  waj* 
]>erhajis  the  first  thut  had  heen  constructed  with  success, aUhuagh  Gregory^ 
iuui  invented  his  instrument  some  years  before,  and  a  plan  of  a  similar 
Und  had  heen  suggested  by  Eikiiiiidf  11  early  as  161ft.  Tlw  prmcipal 
pirti  of  tho  tnntiio  on  opticehad  been  commmieiled  aAdiRnBllfaMv  te 
the  Royal  Sodaty ;  beddcethaexperimeiitaon  rehaetloaaiidtheiheoixof 
tha  ninbow,  they  consist  of  an  elaganiaiialyaiaof  thaooloors  of  thin  trans- 
patent  substances,  in  which  the  phenomena  are  reduced  to  their  sim^esi 
forms,  and  of  a  collection  of  mi^cpllaneous  OJ^aiiBMntB  on  tha  cohnos  Jftth 
duced  in  rrt^p-^  <»f  inflection  or  dilfraction. 

W'ltii  ri-^pti.t  to  tlie  nature  of  Hght,  the  theory  which  Newton  adopted 
was  roateriuiiy  different  from  the  opinions  of  most  of  his  predecessors.  lie 
oMiaidered  hideed  the  operation  of  an  ethoeal  madimn  aa  abaolBlcly  aaeea 
•aiy  to  the  piodnction  of  tha  moat  ninailaibla  alBMte  of  lights 
that  tha  moliona  of  enoh  a  medhun  aetnallj  eonatitntad  U^t;  ha  aawrteJ, 
on  tha  eontnury,  that  the  eaeence  of  light  consisted  in  the  piojection  of  mi- 
nute partielea  of  matter  from  the  luminous  body,  and  maintainad  that  thie 
projection  was  only  accompanied  by  the  vibration  of  a  medium  as  an  acci- 
dental circumstance,  which  was  ahw  renewed  at  the  suzface  of  every  ro> 
fractire  or  reflective  substance. 

In  the  mean  time  Bartholin  had  called  the  attention  of  naturalists  and 
opUcians  to  the  singular  properties  of  the  Iceland  crystal,  and  had  hastily 
anaaiiaad  tha  laws  of  its  nnasoal  sefiraetion*  Onthiaaabgaet  Huygena  hsid 
been  much  more  tneueeoftil :  his  analysis  of  the  phenomena  of  tha  donble 
vefiRsetion  is  a  happy  oombhialion  of  aeenzale  azperimsnt  with  Jegant 
theory  ;  it  was  published  in  1690,  making  a  part  of  his  treatise  on  lig^t, 
the  fundamental  doctrines  of  which  he  had  communicated  to  tlie  Academy 
of  PariH  in  I^TB.  Thf  v  «cnrcply  differ  in  their  p'^^ential  parts  from  those 
of  luir  nninti-yiiiiLii  I  >r.  lliKiki.',  hut  the  subject  tif  colnurs  Huygeiis  has  left 
wlu  liy  uiit4>utlied.  KtKJtatr  ha  1  then  Lately  nia  ie  t!ie  discovery  of  the 
immeuiie  velocity  with  which  light  passeti  tiirough  tixe  celestial  regions,  by 
aifaaen^  the  apparent  irregularitias  of  the  edipsea  of  Jnpiter'y  satalltos ; 
and  Hnygua  nadily  admitted  thia'property  into  hia  qratem;  aUhoq^ 
Hooka^ll  by  a  aingnlar  oapriai^  pgofesssd  hhnsdf  moia  ready  to  believa 
thai  the  pcopagation  of  UfjtA  mi^t  be  abaohitely  instantaneous,  than  that 
its  motion  ooold  be  anoesasiYe^  and  yataoinooneelvBhlyrapUL  Themants 

•  Birdt,  UL  10»  52.  Ph.  TV.  viii.  5084, 6086. 
t  Ph.  Tr.  1672.  pp.  4004, 4038}  1678,  p.  6067. 
X  Optica  Promota,  1663. 

I  EtUnsfd's  Century  of  Optkel  PrahleBM. 

II  Lfctures  of  Light,  in  Waller's  Life  and  Works  of  nool<r,  ji.  77.  From  a 
passage  in  the  Micrograxthia,  p.  56,  it  is  evident  not  only  that  Houke  was  ready  to 
sdadt  the  ftct  of  the  finite  vcdooi^  of  Ught,  when  proved,  but  that  hs  saticipoled 
both  the  msaaer  of  proof  end  the  imalT. 
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of  Huygens  in  the  mathematical  theory  of  optics  were  no  leas  eo!iiid«nUfl 
than  in  th«  iiiTeBiigation  of  the  nature  of  light ;  his  detenninati<m8  of  tlie 
aberrations  of  lenses  were  the  first  refinement  on  tho  construction  of  tele- 
scopes, but  with  re8]>ect  Ut  tlio  theory  of  halos  and  parhelia  be  was  ieaa 
succcsKfxil  than  Mariotto  had  been  some  yenr^  before. 

In  tlie  year  1 720,  Dr.  Bradley  had  the  good  fortune  to  discover  both  the 
exiiteQoe  and  the  caoae  of  th«  •ben»tion  of  the  fixed  stars.  Ue  bad  for 
eooie  tbaeobaenfed  an  inqjukrity  in  the  plaoes  off  die  etan^  wliieh  lie  wm 
wboQy  imahle  to  explain,  and  the  idea  of  sttrilmtiBg  it  toaoombinalioin  of 
the  eflfiKt  of  the  earth^s  motion  in  its  ovbit,  with  flie  progieenve  motion  of 
light,  occurred  to  him  first  as  he  happened  to  obeerve  the  apparent  di* 
rection  of  the  wind  on  board  «>f  ii  boat  which  was  moving  in  a  transverse 
direction.  He  al?o  detennined  with  «cr\iracy  the  raRfrnitud*'  of  the  at- 
mospherical refraction,*  which  had  been  theoretically  iiivestigated  by 
Newton  and  by  Taylor,t  but  never  before  practically  ascertained  with 
sufficient  precision.  The  formula,  which  Bradley  appears  to  have  deduced 
fram  obooTRtaon  only,  agrees  precisely  with  an  approximation  vhleh  was 
obtained  bgr  Kmpaon  %  fttm  ealenlation;  bat  it  cannot  bo  ooneldeied  as 
ligidly  aeenimte* 

The  optics  of  Bouguer  were  first  published  in  1729,  and  an  improved 
edition  appeared  thirty  years  afterwards  ;  the  merits  of  this  author  in  the 
examinntion  of  the  j^roperties  of  a  variety  of  substances,  with  rp«ppct  to 
the  transmission  and  reflection  of  light  in  different  circumBtanc*^,  and  in 
the  comparison  of  lights  of  diflferent  kinds,  require  to  be  mentioned  with 
the  higher  commendation.§  Dr.  I'orterfield's  j]  Investigatiuns  of  the 
fbncdons  of  tiie  egre  tended  greatly  to  ilfaietrate  the  economy  of  this  admi- 
i»ble  organ,  and  aome  Talnalilo  remaiks  of  Dr.  Jnrin  on  the  same  subject 
were  soon  after  published  in  Dr.  Smith's  daborals  treatise  on  optice,  wUoh 
c<mtains  all  that  had  been  done  at  fliat  time  ^h  respeet  to  the  maftema^ 
tical  part  of  the  science. 

Tlie  invention  of  acliromatic  teleBtopcs  is  with  justice  universally  attri- 
buted to  our  countryman  Mr.  Dollond,^!  but  there  is  reason  to  believe  tbat 
he  was  not  absolutely  the  first  autlior  of  the  improvement.  Mr.  Hall,  a 
gentleman  of  Worcestershire,  in  haid  to  have  discovered,  about  the  year 
1729,  Sir  Isaac  Newton's  mistake,  in  supposing  that  the  rays  of  diffttrent 
ooloars  most  of  necessity  be  eqvdly  separaled  by  all  surfaces  which  pro- 
dncs  an  eqnal  mean  rsfradkfn;  and  by  combining  the  dilfttent  diipoHva 
pioperties  of  diiloent  kinds  of  glass,  he  conatmcted,  in  VtSS,  eeveral  eom- 
pound  object  glasses,  which  win  calculated  not  only  for  avoiding  all  ap- 
pearance  of  colour,  but  also  for  correcting  the  imperfect  refractions  of  the 
spherical  surfaces  of  the  separate  lenses.  He  did  not,  however,  make  known 
the  particular  of  his  investigations,  and  his  invention  was  soon  wholly 
forgotten.    It  was  in  consequence  of  a  discushiun**  with  £uler,  Klingen* 

*  See  Ph.Tr.  17P7.  p.  i  nR.  f  Methodus  locremeatoraoi,  p.  108, 

X  Mathematical  Di!««iertntions,  4to,  1743,  p.  46. 

i  Hist,  et  Mem.  1726,  H.  11 ;  1757,  p.  1.    Opiiqw,  4to,  Ms,  1760. 

ff  On  the  Eve  and  Vision,  2  vols.  Krlin.  1  7.'i9, 

%  Ph.  Tr.  1/735.    Compare  Newton's  UpUcs,  book  1.  part  ii.  Prop.  3,  Exp.  8* 
HistctMte.  17M.7. 
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■litnui^  and  wmo  otfiMr  BkalhemMicUiiak  Uiat  Mr.  DoUond  ww  led  to  aitla 
experijiMiito  on  the  xvficaoUon  of  diffsreiift  kinda  of  glass ;  ihaee  y»tltBw 
Imd  not  quMrtkmed  tbe  ganeial  tnitli  of  Newton'i  opinion  loepocting' 
diopowion  of  tho  diffarent  colo<uri,but  EoIct  had  ■■WTtod  that  the  oyB  itrif 

piodnced  a  refraction  free  from  the  appeeiance  of  colour,  and  Kliiigci^ 
stiema*  had  ohowa  the  possibility  of  praduoiag  a  deTiation  by  reffaetioa^ 
without  a  separation  of  colour,  nrconling  to  the  lawv  of  refraction  Uid 
il(»wii  hy  Newton  himself,  Wheii  DoUoiul  had  once  discovered  the  inate> 
rial  ciifftjreaoe  which  exists  between  the  di«j>ersive  properties  of  flint  srla?s 
and  of  crown  glass,  it  was  eoxy  to  produce  the  eoinbiiiatiou  requii  t  i  ,  but 
this  ingenious  artist  was  not  satisfied  with  the  advantoe:e  of  freedom  frora 
culoui*ii  only  ;  he  adjusted  the  fonns  and  apertures  of  his  lenses  lu  u,t 
most  skilful  manner  to  the  correction  of  aberrations  of  various  kinds^  and 
ha  waa  alao  partieulariy  Inrtwiale  in  being  aUa  to  obtda,  abc«ft  Hia  tine 
of  hia  diaooTery,  a  glase  of  a  quality  superior  to  any  that  haa  been  ainei 
manwfaotnied, 

Thsa  opuiioa  of  Enler  napecting  the  eye  waa,  howerer,  by  no  veani 
weU  linuided,  for  the  eye  acts  very  dilfeiently  on  rays  of  different  eoloai% 
aa  we  may  easily  obeerve  by  viewing  a  minute  object  in  different  parts 
a  beam  of  light,  transmitted  through  a  prism.   It  must  be  allowed  that 
this  great  mathematician  was  less  fortunate  in  his  optical  theories  than  in 
many  otlier  departments  of  science  ;  his  mathematical  iuvestigationa  of  the 
effects  of  lenses  are  much  more  intricate  and  prolix  than  the  subject 
actually  refpiires,  and  with  respect  to  the  nature  and  propagation  >  if  light, 
he  adopted  several  paradoxical  opinions.  Assuming  the  theory  of  iiuygeiis, 
with  the  additional  hypoUiesis  respecting  the  nature  of  colours,  which  had  ' 
been  anggeited  by  Newton,  and  maintained  by  Paidiea  and  Ifalobtanefaii^ 
that  ii^  that  the  diiforenee  of  oolonn^  lilw  that  of  tonea  in  mnaic^  dcpeodi 
on  the  diileient  fiequeney  of  theiibiatioiia  oonatitatiiig  Ught ;  ha  imagined 
that  opa^e  bodies  an  not  aeen  by  refleeted  lights  bat  that  their  pattieha 
are  agitated  by  the  impulse  of  the  light  which  fiills  on  them,  and  thai  the 
▼ibrations  of  these  particles  render  the  bodies  again  visible  in  every  diie^ 
Hon ;  he  also  conceived  thi^  the  undulations  of  light  am  atmp^  propagated 
through  the  solid  substances  of  transparent  mediums,  in  the  same  manner 
as  sound  travels  through  the  air.    But  on  these  suj>p(^sitions,  all  Ixjdies 
would  bnvp  the  properties  of  solar  phn>j)hori,  Rnt\  the  refraction  of  the 
rarest  of  natural  ])odie3  would  be  incomparably  greater  than  that  of  the 
densest  is  actually  found  to  be  :  an<l  on  the  whole,  although  the  characier 
of  l  .uier  has  been  so  highly  and  so  deservedly  respected  as  to  attach  a  cer- 
tain degree  of  authority  to  all  hie  ophiions^  so  that  in  lUa  inslaiiea  the 
name  of  fiuygens  has  been  abnoat  superseded  by  that  of  Enler,  yat  in  fast 
ha  has  added  no  argumentative  evidenee  whatever  to  the  theory,  bu^  by 
inaoeutate  and  iii\|udieions  reasoning,  haa  done  a  teal  iiyuiy  to  tha  tnm 
whioh  he  endeavoured  to  support 

This  Tesesmhes  of  Lambertt  may  be  considered  as  a  continuation  cf 

*  Scbwed.  Abhand.  1754,  xvi.  300 ;  1760,  zxii.  79.    Ph.  Tr.  1760,  p.  944  ;  wid 
Tmtanen  de  Corrig.  Abemt.  Liuninis»  410*  Petrop.  1768. 
t  Pbotonetria,  Aogib.  1760. 
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those  of  Bougiicr  ;  they  present  us  with  many  interesting  ol)servatious  an 
the  natural  history  of  ligl't,  and  tlie  properti&d  of  various  bodien  with  regard 
to  it  Mr.  Lambert  first  ascertained  that  a  luminous  surface  emits  its  light 
voy  ncaily  with  equal  iatenaity  in  all  diKctioni^  so  thai  any  part  of  it 
appean  alnuMt  equuUy  brilliant  to  an  eye  placod  in  any  dii«etioO|  whilo 
the  light  tfaiowB  hy  «ad&  aquare  Inch  or  aqnave  foot  of  tho  sorfMe  in  any 
dircdion  diflon  aoooiding  to  tho  obliquity  of  that  dinetkm.  Tha  malho> 
roatical  ilicory  of  optics  is  oonsiderably  indebted  to  the  labours  of 
Clairaut,*  Dalembert,t  and  Boscovich  ;  J  Jeaurat,§  Be^elin,||  Redem,^ 
and  Klugel**  have  also  continued  the  investigation  ;  their  calculations 
may  he  of  considerable  utility  to  the  practical  optician,  but  it  requires  the 
ingenuity  of  a  Dollond  or  a  Ramsdeu  to  apply  the  whole  of  the  results  to 
any  useful  l  urjiuses. 

The  exjjt  riinents  of  Mazeastt  on  the  colours  of  thin  phittb  are  mere  re- 
petitions i>f  those  of  Newtou  under  disadvantageous  circumstances ;  Mr. 
Dutour^l  has,  however,  considerably  diversified  and  extended  these  cuqw- 
riments,  as  well  as  those  on  tha  ooloiin  which  am  piodvesd  in  dil&aetad 
light,  yet  without  obtaining  any  genaial  icanlta  of  impoilanee.  Compar- 
tetti's§{  experiments  on  infleetion  have  o^eiy  appeaianoe  of  aooniacy^hnt 
ibsy  aco  mnoh  too  intricate  to  be  easily  compaiod  with  each  other,  or  with 
thooe  of  former  observers. 

The  late  Dr.  Priestley  ||  \\  rendered  an  esacaiiial  service  to  the  science  of 
optics,  considered  as  a  subject  for  the  amusement  of  the  general  reader,  by 
an  elegant  and  well  writt+^i  account  of  the  principal  experiments  and 
theories,  which  had  been  pul  lished  before  tlie  year  1770.  But  this  work 
is  very  deficient  in  mathematical  accuracy,  and  the  author  wa»  not  suffi- 
ciently master  of  the  science  to  distinguish  the  good  from  the  indif- 
ferent. 

Mr.  Delaval*s^^  experiments  on  colours  appear  to  show  very  satisfao- 
torily,  that  aU  the  eoloiiring  snbatancee^  in  ooounon  nos^  owe  their  tints  to 
layi^  whioh  an  sspamted  from  white  hght,  during  its  passage  through 
them,  and  not,  as  Newton  snpposedy  to  the  rtflection  of  a  partloular  oolonr 
fimn  the  fint  tofface.  It  has  been  obeer?edthat  Kepler  and  2ncoliiva*** 
had  hxag  ago  made  experiments  neariy  aimilar  to  those  of  Mr.  DclavaL 

*  Hist,  et  Mem.  de  Paris,  1756,  vii.380,  H.  112;  1757,  p.  521,  H.  153  ;  17G2, 
p.  578,  H.  160. 

t  Ibid.  1764,  p.  75,  H.  175;  1765,  p.  53,  H.  119;  1767,  p.  4S,  H.  153. 

Opu2>cule8,  vol.  i.  Hist,  et  Mem.  de  Berlin,  1769,  p.  254. 
t  Com.  Bon.  t.  II.  265. 

§  Hist,  et  Mem.  de  Paris,  1770,  p.  461,  H.  103. 

i  On  the  Improvement  of  Telesoopes,  Hist,  et  M6m.  de  Berlin,  1762,  m>.  €6, 
94S;  1764,  p.  7|  1769,  p.  1 ;  1784,  H.  40. 

f  On  Object-GWs,  ibid.  1759.  p.  89  ;  1760,  p.  3;  1761,  p.  ?>. 

On  do.  Comm.  Gott.  1795,  xiii.  2,  28.  Gilbert'!  Amwlen,  xxiv.  265,  276. 
AMdytisehe  Dieplrilc,  4to,  Leipz.  1778. 

ft  Hist,  et  Mem.  de  Berl.  1752,  p.  262.    M^m.  des  Savoiu  Etrangers,  u.  26. 

U  Ihid.  vols.  W.  and  Boriec's  Joumsl,  i.  168;  ii.  11,  249;  v.  120,  230; 
li.  135.  330,  341,412. 

De  Luce  luHexu  et  Coloribus,  4to,  Pad.  1787. 

II II  The  Uistoty sad prasmt State,  *c.  oC  Vision,  Ught,  snd  Cokm,  4to,  Load. 
1772. 

Yt  Msach.  MSB.  li.  131.    ***  Optiea  Pinlosepliis,  2  vols.  4to,  Lagd. 
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Dr,  Bobirt  Darwin*!*  infwtigmtioiiof  tbe        of  sbrong  lights  on  the  «yo 

appom  to  eomprehend  almost  all  {KMsible  rsrietioi  of  iheae  ocular  spectr% 
1>ttt  it  does  not  lead  to  any  fandamciiial  aoalogj,  oapable  of  explaintiig  Urn 

most  mtricatf  <>f  tliom. 

Tlic  phenomena  of  the  unusual  atmo-^pherir  refraction,  which  froquentiy 
producer  double  or  triple  iniac:es  of  ulij(  vt>  svt  n  near  a  heated  surface,  have 
been  suceesiiively  illustrated  by  Mr.  lluddart,t  Mr.  Vince,J  and  Dr.  Wol- 
la8tou,§  so  that  at  present  there  appears  to  be  little  doubt  lemajnlng  wHOi 
leapeet  to  their  oii^.  Dr.  WoUaston's  Inatnimeiit  for  the  meanuement 
«f  refraetiye  d<iiaitiee»  ivry  mmh.  CMolitaleB  the  eramination  of  the  optkal 
propertiea  of  auhetaneea  of  variona  Idnda :  he  has  applied  it  rtrj  euccess- 
faUfy  to  the  coofinution  of  Hnygen^a  tlieory  of  double  refraction  ;  he  has 
corrected  the  common  opinion  respecting  the  division  of  the  prismatic 
spertnim  ;  lie  discovered,  without  being-  ac'iuttinted  with  the  observations 
of  IviTfir,  the  dark  ray*<  which  blacken  the  saitii  of  silver;  and  he  has  re- 
marked a  sin^^xilar  proj)erty  in  some  natural  as  well  as  artificial  crystals, 
which  appear  of  one  colour  when  viewed  in  the  direction  of  the  axis,  and 
of  another  when  fai  a  tranerene  direction. 

To  Dr.  Hereefael  the  eeienoea  of  <^C8  and  aatronomy  an  equally  In- 
dehted.  He  haa  earned  the  oonBtniotiott  of  the  refleetiag  teteooope  to  A 
degree  of  perfection^  far  exceeding  all  that  had  been  )>efore  attempted,  and 
the  well  known  improvements  which  astronomy  haa  derived  from  his  ob- 
servations  are  numerous  and  important.  In  the  course  of  his  researches 
for  the  attainment  of  his  more  immediate  objpfts,  he  has  alno  had  the  i^'uod 
fortune  to  discover  the  separation  of  the  rays  of  heat  from  those  of  litjht  by 
means  of  refraction  ;  a  fact  winch  has  been  sufficiently  established  by  the 
experiments  of  seT^ral  other  persons. 

The  inrestigationa  of  Mr.  Laplace,  relating  to  atmoepherical  refraction^ 
nay  he  omulderBd  aa  the  hitoifc  application  i  refined  mathematlea  to  the 
pnipoaea  of  optica  and  of  astronomy.  I  Iwre  myself  attempted  to  attain  a 
degree  of  certainty,  in  attributing  the  changes  of  the  refractive  powers  of 
the  eye  to  a  variation  in  the  form  of  the  crystalline  lens  ;  I  have  discovered 
a  genernl  law  of  the  mutual  action  of  two  portions  of  light  interfering  with 
each  other,  to  which  no  exception  has  yet  been  shown  ;  and  by  reviving  a 
theory  of  light  similar  to  that  of  Hooke  and  Iluygens,  with  an  improve- 
ment originally  suggested  by  Newton,  respecting  the  nature  of  colours,  1 
ha>Te  endeaTonred  to  ohtdn  a  eatiafiiotoxy  explanation  of  many  cireun- 
fltancee,  which  appear,  upon  n  mtnnte  examination,  to  he  in  eveiy  other 
hypotiuMla  difficnltiea  abeolutely  Inaapeiable.  It  cannot  he  expected  that 
all  objections  to  such  a  system  will  at  once  be  silenced,  but  if  a  full  and 
candid  discussion  only  of  the  facts  which  I  have  advanced,  should  be  ex- 
cited, T  tnTst  that  the  science  of  optics  will  be  esaentiaUy  lienefited,  evm 
if  the  theory  should  be  ultimately  confuted. 

•  Ph.  Tr.  1786,  p.MX  t  Ph.Tr.  1797,  p.  29. 

t  Ph.  Tr.  1799,  p.  13.  §  Ibtd.  1800,  p.  239  ;  1803,  p.  1. 
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For  the  history  of  optkscoimlfc  Priestley 'i  Hist.  4to,  1772.  Pringle  on  the 
InTentioQ  of  the  Telescope,  4to,  Lond.  1778.  Fh.  Ma?.  xviU.245;  xix.  66,  176, 
2^2,  344  ;  xx.  14.  Tentnn,  Comm.  sopra  la  Storia  e  la  Teorin  Ofti«i,  Bolog. 
IhH.  Metster,  Nov.  Comm.  Gott.  t.  \'.  141 ;  VI.  189.  Arago,  Ann.  de  Ch.  xiv. 
4S4.  Lloyd,  Ripofft  of  Bril.  Aiioe.  ISSft.   Frnvdl,  Brittah  Awui,  18Sr. 


\\  OB.KS  ON  NaTVIIAI.  PlUL.OiiOFUY  IN  OBMBRAL,  NOT  dCOTBO  IM  THB  PRBCKDtNO 

Sennerti,  Philosophia  Naturalki,  4to,  Wittenb.  IGls.  Hcrigone,  Curaus  Msth. 
5  Tols.  Paris,  IChM-l,  Etten,  Mathematical!  Recreations,  by  Ooghtred,  1652. 
JnngU  Doxoacopiie  Phy«i(ae  Minores,  4to,  Hamb.  1663.  Power's  Experimeotal 
Philosophy,  4to,  1664.  Duchess  of  Newcastle's  Do.  fol.  1666.^  Senguerdt,  Phflo- 
sophia  Natural;?,  4to,  I.pyd.  1085.  Paul  Hoste,  Hydrostatique,  S:r  ,  thp  part  on 
Nwrd  Tactics  translated  by  Cimt.  J.  D.  BoswaU.  4to,  Sd.  1834.  Hoffmaoni  Lexi. 
0HI  fJnifCfMihit  4  vob*  fcl*  Leyo*  1M8«  Muyii  Blenmite  Fhytiewt  4to,  Amit.  1711a 
Scheuchxer's  Nnturwiasenchaft,  2  vols.  8vo,  Tar.  1711.  Nieuwentyt's  ReligionB 
PhikMOfrfier,  3  vols.  8to,  1719.  Verdries  Coospectos  Phiios.  Nat.  Giess.  1720. 
WoUTt  NfitriidwYonnute,  3  vols.  Hille,  1721^3.  VernimMue  Gedankea,  3 
Tols.  Halle,  172:1-5.  Keill's  Natural  Philosophy,  1726.  Petnherton's  New- 
tonian  PhikMophy,  4to,  1728.  Chvelli  Fisica«  2  toIs.  4to,  Yen.  1731-2.  Mo- 
IiBfOiit  de  Phynque.  TBiflhmeyeri  Fhilos.  Nat.  4to,  Jena,  1733.  Ham* 
bergi  Elementa  Physices,  Jena,  1735.  Helsham's  Lectures  on  Natural  Philosophy, 
1739.  Bulfiogeri  Elementa  Physices,  Leipz.  1712.  Nollet,  Lemons  de  Phy- 
sique,  6  Tols.  12mo,  Pkris,  1743.  Segner's  Einlcitung,  174C.  1770.  Rutber- 
forth's  Natural  Philosophy,  2  vols.  4 to,  1748.  Kraftii  Prselectiones,  3  toIs. 
Tubing.  1 7^0.  Kriiger's  Naturlehre,  Halle,  1750.  Saveripn,  Dictionnaire  de 
Math,  et  de  Pliy^i  iue,  2  vols.  4to,  Paris,  l/O.i.  WinVler's  Natural  Phil.  (Iran*.), 
1757.  Marlin  s,  1781.  Jones's,  1762.  Guyton  de  Morveau,  Essais  de  I%ytique, 
12mo,  Dijon,  1762.  Hetinrrt,  Cur-^u-^  Math.  6  vols.  Traj.ad  Rhcn.  176>^  7r)  I'a- 
ler's  Letters  to  a  Gennan  Pnncesa  {tram.),  2  vols.  1795,  1802.  karstca's  Lehr- 
begrifr,  Greifsw.  1764.  Anfengsgrfuide  der  NatuiMire,  Halle,  1790,  tee,  Boir. 
ning's  Natural  Philosophy,  2  vols.  1765.  Sit^aud  de  la  Fond,  Physirinr,  Parii, 
1767,  1771.  Silberadila^,  AuagMOohte  Versache,  fieri.  1768.  Uamberger's 
Nitafiflbw,  Jenm  1774.  B8ekiiua*t  Nalnrldire,  Gulir.  1773.  SAiAier,  Art. 
d'Observer,  2  toIs.  Geneve,  177^).  Frr^son's  Lectures,  1776.  Goldsmith's 
Exp.  Ph.  2  ToU.  1776.  Sauri,  Cours  de  Phy.  4  toIs.  12mo,  1777.  Gabkr's 
Naturlehre,  4  volt.  Mmiefa,  1778.  Riektar'fl  Lehrimeh,  1779.  Do  Loo,  Lsttrat 
Physi(jueg,  1  vols.  T.a  Haye,  1779.  Turner's  Introduction  to  Arts  and  Sciences. 
Marivetz,  Physique  da  Monde,  5  volt.  Paris,  1780-7.  Nollet,  Lefons  de  Phy. 
0  volt,  lino,  1783-6.  Braddwoien't  Physik,  ron  Bergmaom.  Sdiurer,  El^ent  de 
Physique,  Strasb.  1786.  Van  Swinden,  Positiones  Physicae,  2  vols.  Harderwick, 
1786.  Nicholson's  Nat.  Phil.  2  vols.  Lond.  1787.  Serrati,  Fisica,  Flor.  1787. 
Kratsenstein's  Physik,  Copenh.  1787.  Gren's  Naturlehre,  Halle,  1788.  Ingen- 
houss,  Nonvelles  Experiences,  Par.  1789.  Hobert's  Naturlehre,  Berlin,  1789. 
Ci>par  Maquinas  y  Manlobras,  fol,  Madrid,  1791.  KUie^l's  Natnrli?hre,  Berlin, 
17U2.  Hutton's  DisatrLaUoiiH  on  Nat.  Fhil.  4ta,  Ed.  17y2.  (jeissier'a  Beschrci- 
bong  der  Neoesten  Instrumenten,  3  vols.  Zittan,  1792-7.    Hobe,  Naturlehre, 

2  vols.  Li  ipz.  1793.  Erileben's  Naturlehre  von  Lichtenberg.  Gott.  1794.  An- 
derson's Institutes  of  Physics,  Glasgow,  1795.    Grc^ry's  Economy  of  Nature, 

3  vols.  1 796.  Barruel,  Physique  en  Tablemz,  4to,  Parte,  An.  7.  Enfield's 
Nat.  Phil.  4to,  1799.  Ad.ims's  Do.  1  vols.  1799.  Walker's  Do.  4to,  1799. 
BriaaoQ,  Dictionnaire  de  Physique,  6  vols.  An,  8.  Traits  de  Phy.  1803.  Bilsch, 
MaOmuMi  worn  Mfltaen,  S  volt.  Heab.  1800.  Umd,  lUfaoiet,  ftr.  An.  9. 
Jaeotot}  Court  de  Physique,  2  vols.  Paris,  An.  9.  Ltbcs,  Trai^  dr^  PhT?ique, 
8  vole.  8vo,  1801.  C«vsilo's  Nat.  PbiL  4  vob.  1800.  Imison's  Eiemento, 
S  vok.  8vo,  1803.   Ketft  Bleraeote  of  Knowledge,  2  volt.  1803.  Hottoa'e 

Recreatinn«,  i  vnlg.  l^^O!^.  Pujoolx,  Lfcons  de  Physique,  Par.  ISO.").  Sage* 
lostitationa  de  Phy.  3  vols.  1811-12.    karlow's  Math.  Diction.  1814.  Prf- 
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vost,  Deux  Traits  de  Fhyi.  Gen^,  1818.  MoUet,  Coun  de  Vhjt,  2  vols.  Lfoo, 
1822.  B»biDet»  Reram^  Complet  de  Physique,  2  vols.  32mo,  Paris,  1823.  Des- 
pnti.  Taiti  ite  Phys.  1827.  Natural  Philosophy  (Lib.  of  Usefiil  Knowledge), 
1829.  Fischer,  Trait^  de  Physique,  trad,  de  I'AUemande,  par  Bi«^.  Par.  1830. 
P^let,  Traits  de  Phys.  2  roh.  IHHO,  Dapn',  Traite  tic  Pby  2  vols.  Rennei*.  . 
Beudant,  Traite  de  Phj.  Paris,  18;i2.  Kcgaiiud,  Cours  dc  MiiLh.  ct  de  Pby.  2  vol*. 
1832.  George,  Coura  de  Phy.  appliqn^  aux  Art<^,  Nancy,  1832.  Kiistnert 
GrundTiig:?  der  Physik,  2  tola.  Nuremberg,  1832-3.  Quetelet,  Positions  de  Phy- 
sique, 3  vols.  12mo,  Brux.  1834.  Pinaolt,  Traits  de  i'hy.  2  toU.  1836.  Lam^, 
Cours  de  Pby.  3  toIs.  Paris,  1836.  Somerrille  (Mn.),  The  Connection  of  th« 
Phr^ira!  Srirnoes,  12mo,  houA,  1838.  FbdOflk>TMt6de  Fbjiiqv^  1842.  frndUtB 
Pbyuca  {^troHi.),  1845. 
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LEGTURB  XLL 


ON  tH£  FIXED  8t4B8. 

Tai  depArtiMBli  of  naliifil  pUloaophy,  whldi  tmi»  be  the  tabjects  of 
Hm  fUid  and  kafc  dlvUon  of  Umm  Itetani,  an  inolnM  b  tbe  datoriptimi 
implied  bj^tcm  phjBfli^  or  thelUaloiy  of  the  iNutki^  phinoiiMU  of 

ItttOtS  OIldflM  •^iiin.mt  wKii4»  ^ill       ^wm,  kf 

•ooompoaied  by  as  rnneh  of  mechaoieal  theory  and  analogical  naaoalBgy 
as  can  be  applied  to  them  nith  eafieieBl  eeitainty^  aad  wMwat  too  gVMil 

intricacy  of  calcalation. 

The  science  of  astronomy  might,  without  any  great  impropriety,  have 
been  considered  as  a  part  of  mechanics  ;  hnt  thcTP  arp  rirc«m?tftncefl 
intimately  conncTt4»d  with  it,  for  the  coniplete  investigation  of  which,  a 
knowle(]L,'e  of  the  motioiis  of  fluids  in  general,  and  also  of  optics,  is  abao- 
Intely  tiecessary.  It  could  not,  therefore^  hold  auy  other  pkoe  in  a  striet 
order  of  arrangement,  than  that  which  is  here  alloited  to  it ;  and,  since  it 
will  not  be  in  our  power  to  enter  completely  into  »  mnthemitira!  examina- 
tieii  of  ill  the  motfone  of  liio  bemnly  bodiee»  althongb  ire  diall  be  able  to 
ponoo  the  detail  of  the  most  ranarkable  appearaneee  whieh  they  eaddbit^ 
we  may  forthie  Moaon  more  pxoperly  oonrfder  ench  a  rkw  of  aetoonomy 
la  belonging  to  deaeriptife  lliaa  to  tlieoietioal  phileeophy.  TUa  method  of 
treating  the  subject  is  sometimes  denominated  plain  astronomy,  in  contra- 
distinction to  the  mechanical  theory  of  the  science,  whieh  is  ci^ed  physical 
astronomy ;  but  it  if  obvious  that  in  the  sense  which  we  are  at  pre?<»nt 
annexin;^  to  the  word  })hysirs,  tlmt  which  is  commonly  called  plain 
astroiioniy  must  })e  termed  jdiysieal  or  descriptive,  and  w  hat  i.-*  usually 
called  physsiciil,  laubt  l>e  denoniiiiafed  mathematical  astrtjiioiuy.  We  shall, 
therefore,  confine  ourselves  in  great  measure  to  descriptive  astronomy, 
and  shall  take  only  a  general  riew  of  the  laws  of  gravitation,  as  an  illus- 
tntloB  of  the  phenonenn  prefioorij  dmcribed.  Alter  having  oonddeved 
themigttifioeiit  objeete  of  aelwiiomj,  wliich  are  leattared  Ibroughont  tiif 
snirerae,  we  deeeend  to  geegmphy,  or  the  partieolar  history  of  the  term- 
foeons  gtobe^  and  to  the  tide%  prodveod  1^  the  Inflweiwe  of  the  odeetlal 
bodiee  on  the  ocean;  and  then,  quitting  the  aActioDa  of  the  larger  featoree 
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ei  the  matter  Uiat  constitutes  the  earth,  we  come  naturally  to  the  propertieft 
•ad  powvn  of  tte  indiTidaal  ptsticlei^  and  to  the  phenoBicBa  of  heat, 
eloefaneilj,  and  magiiietbm,  which  aia  ^ther  qtiaHtiM  of  inatler»  or  dcpan- 
dent  on  siibataiioni  diflbrinig  in  noM  iwpoeti  from  eowmoa  mattar ;  aiad 
In  the  next  plaea,  to  the  oombinalion  of  all  thfloe  robrtmoet  and  aetkna  in 
nutoorology,  and  in  the  phioomena  of  T^geUUe  and  animal  life,  a  genetal 
view  of  which  will  comfilete  our  discuaBlons  on  the  subject  of  phjracs. 
The  Bcic!ic€  of  ohemistry,  or  the  doctrine  of  the  qualities  of  partioiilar 
kinds  of  matter,  might  be  said  to  belong  to  the  investi^ration  of  the  proper- 
tie?  of  matter  in  q-eneral ;  but  this  science  is  of  ioo  great  extent  and 
importance  to  occuj)y  a  subordinate  place  in  a  system  of  natural  philow- 
phy,  and  must^  therefore,  be  considered  as  requiring  a  separate  course  of 
studv. 

In  our  astronomical  inquiries,  we  shall  first  examine  the  phenomena  of 
the  heavnu  and  earth  in  their  liaplet^  form,  not  as  thejr  inunediattl j 
appear  to  our  dbwrraiion,  bat  as  they  an  shown  by  nnaseeptionaUa 
proofs  to  be  natmaUy  arranged.  The  stars  and  snn»  the  planets  and  their 
•atsUileSy  andla«4f  thaooaMlBpiHIlbOiSfWaltydeseBbed;  Uiaaanaesor 
the  motiona  ol  thlss  bodils  will  be  sapsvfieiaily  indicated  ;  thdr  sensible 
iAets  with  respect  to  the  inhabitants  of  the  earth  will  be  shown,  and  the 
praotioal  modoi  ^  dstmining  their  sitnattsns  and  orbits  will  ha 
plained. 

When  vre  begin  to  consider,  on  a  large  scaU,  tlio  alYections  of  matter 
and  of  space,  we  are  iiupresHod,  ni  the  first  sight,  witk  the  inconceivable  di^ 
proportion  between  tlic  uiaguiLmle  of  space  and  of  sensible  matter  ;  and  we 
are  naturally  led  to  inquire  if  the  apparently  void  expanse  of  the  uiu verse 
Is  wholly  wiJliontall  matter  or  all  tabstance.  The  atrooepheres  of  the  planets 
eannot  indeed  be  said  abeelntsljr  to  tetninats  at  any  giv  en  pointy  bnt  thi^ 
most  beoone  ran  begrond  all  imaginaHen  a*  n  very  modants  distanss^ 
The  substance  wUdi  ptodnees  the  siiiastiiim  of  ligfal  nmsti  howmi^  be 
evsiy  wheie  fcand»  at  least  withent  iuy  ansibla interval;  lor  if  an  ^ 
wsM  plaoed  in  any  point  of  the  tegSens  of  unbonndad  space,  wharsver 
hnman  investigation  or  fancy  can  penetrate  them,  some  luminous  object 
would  at  each  instant  be  visible  to  it,  and,  in  general,  objects  vs-ithout 
number  might  be  seen  in  every  direction.    Light,  therefore,  must  J»e  every 
where  present,  whether  we  suppose  it  to  consi^'t  of  sej^arate  projected  cor- 
puscles, or  to  be  an  affection  of  a  highly  elastic  ether,  pervadine  the  uni- 
verse in  a  state  so  rare,  that  althoug'h  it  constitutes  a  eoiuiuuuii&  uii^Jium, 
it  suffers  all  bodies  to  inovu  through  it  without  sensible  resibtauce,  and  is 
admitted  even  Into  their  pores  with  perfect  fireedoai ;  and  if  we  liriiaw 
Kawton'e  opinion  of  tfao  nntaie  of  light,  we  most  supposs  both  sneli  an 
.edievsal  mediani^  nearly  at  resl^  and  the  psrtislis  of  Ugfat  alsq^  moviof 
swifUy  throngh  11^  to  exist  togeywr  m  all  plaoes;  to  si^  netl^m  of  the 
posribillty  ef  the  eeaidstenes  of  a  thonsaiid  other  naeei  and  nnknowa 
inbstanesi^  esesnees,  and  influences,  in  the  saai  Inditidnal  phwe^  whieb 
may  for  ever  set  at  defta&ce  ih»  pride  of  a  ptesgubptuoas  philosophy, 
that  would  aspire  to  comprehend,  within  its  own  oontfaoted  ijphiBW^  the 
whole  oxtent  of  the  aiighty  work  of  the  cieatioA. 
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The  expanse  of  the  universe  b  etrewed,  at  immenae  distance*,  with  de- 
tached portions  of  a  substance,  which  we  suppose  to  be  matter,  constituting 
stars,  or  suna,  planet^s  and  comets  ;  bodies  wliich  certainly  ag^ree  with  «;ach 
odwr  In  the  powar  of  «nlttbg  ot  nieeliiig  light,  and  which,  in  all  prohft- 
Wlity,  Yim  wMMj  Mher  propeitkt  itt  mmmtm,  Bath,  of  4i«m  m  maiM 
their  own  lights  tM  talfad  ftxad  aCan ;  sad  thit  mpfmn  to  he  tht  onl7 
oitaion Oat w»  cui  ipplj  to  •  tlirt  for  tho  wwd  fixnd  it  otHj  to  ho 
nndsittod  In  n  oavpomtlire  oenae. 

Tho  ftars  must  neceasaffljr  ahino  their  own  l%ht ;  forll  w»  gwntthat 
thoj  eonaist  of  gravitating  matter,  it  must  be  allowed  that  no  itaur  oovM  bo 
near  enough  to  another  to  be  seen  by  reflected  light,  without  a  very  senaiblo 
chansfp  of  the  yilncef^of  both  in  ron«rqncnrr  of  their  mutual  gravitation,  nor 
would  it  lie  possible,  on  account  of  thrir  immense  distance  frnrn  ns^  to  di^ 
tinj?:uish  two  such  bodies  from  each  otiier.  It  tuliows  aiao,  on  the  same 
supposition  of  the  universality  of  the  force  of  grarityi  that  the  form  of  tho 
stars  must  be  n^rly  spiierical. 

The  light  of  the  stars  appears  to  the  naked  eye  to  be  generally  white ; 
hdngtool^iteonitotht  Ut»  of  s  pMftMw  oelow;  hnt  iHMtt  lilt 
oonomtntod  hj  Sk*  HotoehoTo  kigo  efomihwn^  H  hooomii^  In  v«imm 
ftwi,  of  vwnooi  Imoi ;  and  Indood  to  tin  nohod  ojo  mm  of  fbo  iton 
appear  oHltlonddor  and  olhonnJMIiblnflr.  Thooaaaoof  thotwinkUi^ 
of  the  stars  it  not  fully  aaecrtainod,  bat  it  is  referred,  with  aomo  piohft*> 
bility,  to  changes  which  are  perpetually  taking  place  in  tho  otBOUiipheia^ 
and  which  afiect  its  refractive  density.  It  is  said  that  in  aome  cUroate^ 
where  the  air  is  lenftiknUjr  oeraM^  the  atoia  havo  aeaioe|j  on/ oppoaiaaoo 

of  twinkliTic:.* 

Above  two  {}in\iiainl  stars  are  visiMc  to  Itio  naked  eye  ;  and  wlu.'ii  a  ti'le- 
acope  is  employed,  their  number  appears  Uj  increase  without  any  otlier 
limit  tlian  the  imperfection  of  the  instrumenL  Dr.  iiei*Hchtrl  li^^  observed 
in  the  milky  way  Above  ten  thousand  stars  in  the  space  of  a  squiue  degree. 
iMolina  and  HaUojt  haffo  aigaad  thai  tMr  naaahar  anut  ho  abao^ 
Intalf  teflaHfl^  in  ofdarihaft  aB  of  Umba  nay  fanain  ai  loat  bj  the  oppo- 
rfUon  of  attaaoliinB  aatlng  In  omx  poarfUo  dinetion;  bai  wo  aia  by  no 
nieana  ooitain  that  «bj  d»  xvBMifo  in  poM  oqalUbciaaa. 

Of  the  actual  magnitodo  of  tho  atan  wo  oaa  givo  no  exact  aooonnt ;  hnt 
iibfgf  afo  divided  into  seven  or  raova  otdon^ 

aoooidina  lo  tho  diatoeo  of  thnr 

apparent  brightness.  There  is,  however,  reason  to  suppose,  from  the  nnan- 
ttty  of  liL'ht  emitted  by  tlie  brightest  starn,  that  some  of  tbom  are  much 
largi?r  than  the  bun.  Tl^ose  stars  whicli  urf  bebiw  the  sixlli  mag'nitude  are 
scarct'lv  visible  -(N  ittMiut  tlie  help  of  telescuj>c».  The  distancibuf  all  thef^tars 
froiii  and  fruiii  out*  Huother  are  so  great,  as  not  to  be  capable  of  Iciug 
immediately  compared  with  their  diameters  ;  for  no  star  subtends  an  augle 
large  enough  to  be  ascertained  bj^xeot  obooration.  Tho  more  potftet  tho 
inatnuaenta  that  wa  amploy,  tho  aiaaUor  an  the  appaiani  duiawtan  of  tiia 
fined  atait.  Dr.Hefacfael  fMtnd  thatonoof  fboatataof  ChofiMtmagnilado^ 
wlien  viowod  In  hSa  best  tekieopei^  appeared  to  bo  ahoni  ono  third  of  a 

*  See  Garcia,  Hist  et  1f6ii.  1743,  H.  88 1  sad  Ifiichdl,  Ih.  Tt,  1767,  p.  2S4. 
t  Fh.  TV.  1790,  xxsLtt. 
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mwti.  In  iHiMillttff^  Bat  Ihtn  U  always  a  Umk  to  tiie  perfiectioii  of  the 
fccoa  of  tfi>  tdawopa  «ad  of  tke  eye,  and,  howmr  Momte  botk  bib j  H 
ttie  isaag«  of  ofwy  ndknt  point  will  oocnp^  on  tiho  ntfat  •  opMo  of  » 
oflrtoin  mignitiido,  notdopondiiiyoiitliiiof  IhooljooisiollMtiiiifflpar- 
luips  be  for  ever  ixopoesible  to  measure  any  angle,  which  is  otify  m  Vtqf 
small  fraction  of  n  wcond.    (Plate  XXXI.  Fig.  4A3,  454.) 

Tlipre  is,  hnwever,  reason  to  suppose,  that  the  an>,'le  subtenHeH  hy  the 
nearest  stara  i»  in  reality  more  timn  a  hundred  times  less  tlian  the  ansjle 
measured  by  Dr.  Uerschel,  for  xt  may  be  conjectured  that  our  distance 
from  tiie  nearest  stars  is  about  a  hundred  million  miliioa  miles  ;  taking 
about  one  third  of  a  seoond  for  the  aairaal  pawllai;  of  the  outh,  that  ^ 
§n  iho  change  of  thft  apptnnt  pbeas  of  oono  of  the  ted  ttan  in  oo—e 
qiuDoe  of  tho  outh's  ammal  motion.*  Thio  oSMBi  to  bo  aosty  tho  ntnioil ' 
amount  of  an  annual  pwallax  that  eoaU  wholly  have  escwpod  oiwfToliiin; 
for  Dr.  Herschdf  supposes  that,  by  moons  of  doable  slars,  a  paialkx  of 
one  tenth  of  a  second  only  mi^ht  Wrome  sensible,  and  even  thi«<  has  never 
yet  been  diHoovtud  ;  on  the  other  hand,  if  the  parallax  were  really  much 
Binailer  tlum  tlus,  it  would  be  necessary  to  suppf^w  the  actual  magnitude  or 
splendour  uf  the  brightest  stars  to  be  incomparably  greater  than  that  of  the 
fon ;  for  at  the  distance  of  a  hundred  million  million  miles,  our  sun  would 
appear,  aoooiding  to  Lunhort'o  eaknlatioiii^  Imt  aiboot  ono  foorth  ao  Infgiit 
aoSatnri^orlikoafltaroflliOMOoiid  orthlid  magmtadoonly.  Feriiap^ 
Indeed,  flw  otan  may  diflhr  ao  nmcih  fnm  oadi  other  in  magaitade  aa  tlia 
planolaty  bodies,  but  it  is  aomewhatmogro  aatual  to  ImagfaM  tlMm  mofo 
nearly  equal,  until  we  have  some  reason  for  supposing  any  material  inequal- 
ity in  their  dimensions.  At  any  rate  there  is  little  doubt,  that  the  diversity 
of  their  apparent  magnitudes  is  prim  ip'illy  nwinc'  to  their  ditierent  dis- 
tances ;  perhaps  none  of  them  arc  luuth  nearer  tu  each  other  than  the 
nearest  to  us  ;  and  there  may  still  be  a  Tery  great  variety  in  their  actual 
dimenaioaa.  There  oaii  he  only  twdre  poiiiU  ontho  oiufiMO  of  a  ^here  aa 
hit  fnm  each  othar  ao  from  tho  oantco^ ;  in  a  iplMra  of  twioo  tha  ladioi^ 
flraro  may  bo  about  M  points  aft  the  Mono  diataaoo;  In  a  wplmt  of  Haaa 
timM  tha  nuttofl^  more  than  100 :  and  it  haa  boen  obeerved  that  thflii 
nmnben  do  not  greatly  diffsr  from  tho  aetoal  nvmbam  of  the  stare  of  tho 

*  The  accuracy  of  modem  iastnuaents  establubes  the  existence  of  a  toisiUe  psnU 
but  to  one  star  St  the  lesst  B^sMansefeneMdleiithdumieter,  Bessdhesobtaiasd 

n  f;rric<  of  distance'^  of  the  two  stars  whirh  rnn^titMt'?'  the  double  Star  61  Cyffnif 
from  which  be  ooncladcs  that  this  star  has  a  M>nsibie  parallax  of  aboat  ooe-tliird  of  a 
seeond.  Other  aslranoiiiers  have  attacked  the  subjeot  wMi  irlfow,  Mkl  asMagit  tba 
rest,  Mr.  Henderson  hns  made  nut  a  highly  probsblr  jinmllnx  tn  n  Crntanri,  A  dis- 
cussion of  this  subject  will  b«  found  in  Fockena's  Cuiomeatatio  A&t.  de  annai  sleL 
pand.  Lagd.  1835  (  tad  la  Mr.  Mda's  Report  en  tte  pieasat  flirte  of  our  bow« 
led»;r'  of  the  Parallax  of  the  fixed  Stars,  Trans,  of  the  Astron.  Soc.  vol.  xii. 

hi-e  also  Clairaut,  Hist,  et  Mim.  1739,  p.  358.  Schubert,  Bode's  Jahrbuch,  1 796. 
Piazzi,  Mem.  delte  Soe.  ItsL  1805,  xu*  IBM*  Catendrelii,  Opose.  Aslr.  1806. 
Brinkley,  Ir.  Tr.  1815,  p.  25.  Ph.  Tr.  1821.  Ast.  Sor.  vnl  \.  Pond.  i^id.  1817. 
J.  Uerschel,  Ph.  Tr.  1826,  p.  266 ;  1827.  Struve,  Introd.  to  Duplicium  Menaura, 
fte.  M.  Dorpat,  1827.  Beiselp  Astnmoaalsbhe  NsohiiGbtBa,  ^  zfL  Taylor, 
Madras  Obs.  vol.  ii.  Airy,  Ast.  Snc  foLx.  Hendenoii, ibid,  fol* xL 

tn.Tr.  1782.  Ujui82. 

t  Halley,  Ph.  TIr.  1720,  f».  28.   KMstaer*  Dusert.  Mslh. 
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llnl,  tMMli,  aad  IkM  nugBiittdw ;  aithough  it  ia  true  that  they  are  not  • 
by  any  means  plaotd  a4  •^mI  AOgvlar  diataaoM  ham  mxh  other.  Bui 

a  conpsrim  of  thft  ligiii  4tf  diianBt  alaa%  w» 
tmX  magnitudes  are  nearly  eqaal,  tfkiir  ^t■tillP1lll  mail  incnww  nmob 
fMlir  than  in  thin  aiiihnwtical  progrewloiii ;  tiiat  ii^  iluil  Ihe  Htara  of  the 
second  mftgnitudc  are  more  than  twice  as  remote  as  those  of  the  first,  and 
those  of  the  third  more  than  three  timp«  as  remote.  Mr.  Michell  found 
the  light  of  Siriijs  hptween  400  aud  llXH)  titTn>s  a.s  great  a-s  that  of  a  star  of 
the  sixth  magnitude  ;*  consequently,  supposing  these  stars  actually  equal, 
their  distances  rnusl  differ  in  the  ratio  of  1  to  20  or  30 ;  since  light  always 
diwfaiiiho  in  propovCioiL  to  tlio  iqiiam  ol  tho  diitoiiffo  of  the  Imniiioai  ob- 

maj  bo  oompaiod  by  ▼iewiog  tbim  tbiovgfa  two  apoftmoo  of  diflfiveoi 
iiatii^  eat  in  cards,  one  held  bdfove  oaeli  ejt^  the  apertures  being  reduced  to 
such  magnitudes,  that  the  stars  may  appear  equally  bright ;  and  the  com- 
parison ma}'  he  extended  to  the  liirht  of  the  siiii,  by  fiiulinj?  n  star  and  a 
planet  of  equal  brightness,  and  cai(  ulatini:  what  prnpiirtioii  of  tlu'  sun's 
light  must  he  reflected  by  the  planet,  ujum  flie  most  prutiahk-  su p]i«>.sition 
respecting  the  disposition  of  its  surface  tu  reiiect  more  or  less  of  the  light 
wbldiftlboBH. 

The  stan  are  in  general  dispereed  witbont  any  ngnlar  order,  but  wen^ 
obTre  in  nany  pavte  of  the  heavens  that  a  namber  of  them  aia  so  maefa 
aeem  tegitfaerthaatotheiwt^aato  lomaelaeteror  nebola.  The  an- 
cients had  noticed  some  of  the  most  conspienoae  nebulae,  but  Hiugfns  t 

first  directed  the  attention  of  modem  astronomers  to  the  large  one  situated 
in  the  cnTi«etellation  Orion.  Herschel^  has  now  given  us  catalogues  of  2/500 
nebulae  :  many  of  them  can  be  renolved  by  very  high  majrnifvvng  iiowers 
into  separate  stars  ;  but  others  appear  to  consist  of  a  luuiiiiuui)  matter, 
spread  uniformly  in  the  neighbourhood  of  the  several  stars  to  which  they 
eeemiobeleiig.  (Plate  XXXL  Fig.  4M...48a) 

It  has  been  eoigeetiued  thai  all  etaie  an  dispoeed  in  nsbolai^  and  thai 
theae  iriiiflh  appear  to  as  to  be  man  irldelj  eepaiated,  aia  indlvidnal  etaia 
of  that  partienkr  nebula  in  which  we  are  placed,  and  of  which  the  mar- 
ginal parts  may  be  observed,  in  the  form  of  a  lucid  zone,  which  is  called 
the  mil!<y  way,  being  too  distant  to  allow  the  single  stars  to  be  perceived 
by  tiic  Tiaked  eye.  This  opinion  was  hrst  siicnrp'^ted  by  Pri)fe«'sor  Kant, 
the  luithor  of  the  sybtem  of  metaphysics  calieti  the  criLical  philosophy. 
The  idea  was  adopted  by  Lambert,§  who  considers  the  largest  stars  aa  cuu- 
etttotii^  a  dieliact  nebula  placed  among  a  multitude  of  others  wliieh  toge^ 
tfaer  piodaee  the  appeaianee  of  a  eontiooed  aono;  and  Dr.  Heieehd  hae 
laTeetigaAed  rtty  parUcnlarlj  the  fignre  of  a  singla  aebnl^  whiob  would  be 
capable  of  being  proFjeeted  into  the  fonn  of  the  milhj  way.|l  We  mastnot^ 

*  Aa  EaqeiijiBlo  the  probable  FmllaK  ofthe  tied         Fh.  Tr.  1767,  Ivii. 
t  Systems  Satunuam,  p.  8.    Ph.  Tr,  1716,  p.  390. 

*  Ph  Tr.  1786,  Ixxvi.  15,7  ;  Uxh.  212;  1802,  p.  477.  Catalogue  of  Nebulae  hi 
Coon8ji»sanoe de  Tems  for  1 783  and  1 784.    See  aUo  J.  Herschel,  l*h.  Tr.  1833,  &c. 

I  PholoMlriB,  f  IIW,  1140.  I  fh.  Tr.  1784,  Indt.  437. 
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howmr,  suppose  that  etch  of  Dr.  Hcrachers  2600  nebulM  can  be  at  «n 
eompanbla  in  magnitadeto  tfab  ippowd  aflbski  daee  many  ti  Umbi  «• 
almoiias  nradi  ratohrad  by  the  talwonpt  farto  aqglefltMi  m  tke  ni&jmj 
iMf ;  whidi  wooli  ba  vftteri j  impoviblf^  if  Hm  iteis  irtioli  tiny  «mh 
tain  wan  aqnally  nnnaroaa  with  Hioaa  of  tha  nabnia  to  whidi  tha  mBky 
way  belongs.  Suppoiing  all  the  itats  of  thia  nabnla  to  ba  aa  waote  from 
each  other  as  the  nearest  of  them  are  from  the  son,  it  nay  ba  wloiiiatiiil 
that  the  most  distant  are  about  600  times  aa  fur  from  us  as  the  nearest  mad 
thatlisarht,  wbirh  is  probably  15  or  20  years  in  travelling  to  us  from  Sirion. 
would  he  nt.mly  twenty  thousand  in  passing  tlirough  the  whole  diameter  of 
the  raiiky  way.  A  nebula  of  the  same  size  as  thi«,  ui)[>faring  like  a  diftust^i 
light  of  a  d^rce  in  diameter,  must  be  at  such  a  distance,  tliat  ittt  light  would 
require  a  million  years  to  reach  us.    (Plate  XXXI.  Fig.  464.) 

Tlie  stars  are  not,  properly  ^>eakiii£^  absolutely  fixed  with  req»ec^  W 
each  othaft  for  aeraral  of  thim  hava  pavtloabr  motfoi^  whkh  ham  ham 
disooToiod  lyy  a  oompafiaoa  of  aoeoiato  olnar^atiaiii^  moilo  at  ^ny  diitoai 
tiniit,  Aiotva^  for  inatancc^  haa  a  piugtiwifa  iMtto%  aaMmntfai^  to 
mon  than  two  seoonda  annually.*  Dr.  Maakalyna  foond,  that  ant  of  9$ 
itaia,  of  whiah  he  ascertained  the  places  with  great  piaiinon»  95  had  a 
proper  Tnntion.  Mr.Michellt  and  Dr.  Herschel;^  hafo  conjectured,  that 
•ome  of  the  stars  revolve  round  others  which  are  apparently  situated  very 
near  them  ;  and  perhaps  even  all  the  stars  inny  in  renlity  ebnnge  their 
places  more  or  less,  althougii  theu-  relative  situations,  and  the  diiactioill  of 
their  paths  may  often  reniler  their  motions  imperceptible  to  us. 

Respecting  all  thes*-  an  aiii,n ments  of  stars  into  difiFerent  systeraR,  Dr. 
Her8chel§has  lately  entered  into  a  very  extensive  field  of  obsei-vatioii  and 
speculation,  and  has  divided  them  into  a  number  of  classes,  to  each  of 
whiah  ha  haa  assigned  a  diatimot  ehanctor*  Soma  ha  mppoooo^  lyoo  our 
iiio»  to  ba  inmlatad  atars,  beyond  tiba  laaoh  of  any  iomibla  aotmi  of  tha 
gravitation  of  otfaan ;  and  rnmaad  thaio  ahma  ha  aanaiina  that  plaMto 
and  aonato  iwrolva.  Donbla  itan^  in  guMvI,  ha  iwagwifH  to  ba  mich 
noamr  to  eaoh  odiar^  bo  aa  to  be  materially  afiisatad  by  lhair  nvtanlgtavi- 
tatioo,  and  only  to  ptaoerve  their  distance  by  moaaa  of  tha  oentiii^agal 
ftnoa  derived  from  a  revolution  round  their  oomm^m  oeateaof  iaattia  |  an 
opinion  which,  he  thinks,  b  strongly  supported  by  his  own  obflerrations  oS 
»ome  change^'  in  the  positions  of  double  ftars.  Others  again  he  supposes 
to  be  united  in  triple,  ffuadnTple,  and  still  nun.  compound  syjttems,  A 
fourth  class  consists  of  Hi  liulao  like  the  nulky  way,  the  clustt  i-?*  of  stars 
being  rounded,  and  apjieajini:  brightest  in  the  middle,  Groups  of  stars 
Dr.  UeiBchel  distinguishes  from  tiiese  by  a  want  of  apparent  coudensatioa 

*  HaUey,  Ph.  Tr.  No.  .'^55.    Cassini,  Mc'm.  de  TAcftd.  1738,  p.  231.  Moimier, 

\h\i\.  17m7,  p.  117.  f  roves  that  the  latitude  of  Arc.  v?»ries  at  the  rate  of  two  gccondfl 
nnniiaUy  ;  and  that  ilie  lontritudc  decreases  at  the  rate  of  60  seconds  in  100  jears. 
See  also  M^.  de  I'Ai  k!  17G9,  p.  21.  I^a  C.-^illc,  Funduaenta  Astroa.  pfK  l<i9> 
187.   H^r^^■hy,  Ph.  Tr.  ir:",  iviii.  9^.  l  ^  of  opinion  that  his  dedactioBS  prove  ihil 

the  obUauity  of  the  ecliptic  iioM  become  ics*.  * 
fFb.Tr.  1767,  IviL  234  ;  1764,  p.  36. 

J  Ibid.  1        Ixxiii.  247. 

§  On  the  C:oa»truction  of  the  Htsvens,  Ph.  Tr.  1785,  Ixxt.  213. 
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■ImniI  a  oiMln  of  tMrnHkmi  and  oliulan  hj  mMlk^grnkTmaM^m' 

moiyid  inbo  stars,  some  of  wbkth  Dr.Henchel  suppoaea  to  be  so  remote, 
that  the  light  emitted  by  them  must  acta&ily  have  been  two  mUlions  of 
years  in  travelling  to  our  system.  The  nebulae  of  another  description 
resemble  stars  surronntled  by  a  bur,  or  a  faint  (Hsr  of  lii^ht ;  a  dilFu»ed 
milky  nebulosity,  apjiureniiy  produced  by  some  cause  distinct  from  tbe 
immediate  light  uf  any  stars,  is  the  next  in  order  :  and  Dr.  Uerschel  iias 
distinguiahed  other  more  contracted  nebuloas  appearance  in  different 
atataa  of  aandanaatioiit  inlo  tha  alaaaaa  of  atbuloiia  alan  aod  phnalaiy 
■obalaa^  wilh  and  widumt  hnfjtA  oaatnl  pinnli.  Xviy  of  thaaa  dialiiMH 
tioiiaaio  pediapa  toottfiBadtobovanfiadbgrooaanion  obaanram;  bsitlia 
4iaeowy  of  the  exiatence  of  double  and  triplo  alars,  revolving  round  a 
oommqn  centre,  will,  if  it  be  confirmed,  add  ono  mom  lo  lha  oaialqgtta  of 
Dr.  He«chel*B  important  improvements.* 

It  is,  however,  fully  a'^certained,  that  some  of  the  stars  have  periodical 
changes  of  brightness,  whi  li  an  -up])  litil  to  arise  either  from  the  tem- 
porary iuterpositioa  of  upa«£ue  bodie:i  revolving  round  them,  or  sUU  more 
probably,  from  a  rotatory  moAkni  of  own,  wUdi  blifl|^  ai  oailaiii 
poriofioal  tiiMa  a  leaa  Imauioiia  part  of  tba  aoifaoa  inko  wt  ihgw,  Thn% 
the  ftav  Algolt  ivbioli  ia  naoally  of  tba  aaeond  magwitadi^  baaonai^  al 
infcirvals  of  2  days  and  21  hours  each,  of  tba  fourth  only,  and  oocuplaa? 
hours  in  tbe  gradoal  diaaiBntion  aid  raeovery  of  Ua  lighut  A  less  pro* 
liable  conjecture  respecting  this  change  of  brightne^^s  wn'^  ndvanrod  by 
Maijprrtuis,^  who  imairincd  thnt  the  tlisc  of  the  star  miglit  l»e  greatly 
•  flattened  by  a  nipid  rotation,  ami  its  t  ige  occasionally  preftcuted  to  us,  in 
consequence  of  the  disturbances  produced  by  the  attraction  of  planets  re- 
vdiving  round  tbe  luminary.  Other  irre^pular  variations  may  possibly  be 
Qoeaaionad  by  the-appaaranaa  and  diaappaaianoa  of  spots,  ooaoRiaib  lika 
tile  apota  of  tba  aaii|  widMMit  aay  detemuiiala  oidaif  or  aangnable  oaaae ; 
and  many  ataaa  hftve  ia  tbe  ooniaa  of  ages  wheUydiaappaaaedy  and  aaBiei> 
tixnea  b*Te  been  main  recovered ;  others  bave  made  their  qppaanaoa  liar  a 
short  time,  where  no  star  had  before  been  seen.  Such  a  temporaiy  star  waa 
nh«f  rvpt]  by  Hip|>areh«s,  120  years  before  our  era,  nnd  the  CTrcnnistnTir«» 
8ugi(t-3ted  to  hmi  the  propriety  of  Tnakiiur  m  accurate  catalogue  of  all  tlio 
stars,  with  their  resfiective  sitLiiitii-u.s,  which  is  still  extant,  having  lieen 
preserved  by  Ptolemy,  who  added  4  stars  to  Uie  1022  that  it  contained.  In 
14K72^  Gomalina  Ganuan  dlaooverBd  a  new  atar  in  Ca88iopeia,$  which  was 
ao  b^bfc  aa  to  be  aaan  ia  tha  day  tima^  aad  gradually  disappeared  ia  eix- 
teeo  akootba.  Kapiw,  ia  1<I04»  obaarved  a  new  atar  ia  SeipanlazlBi^  moie 

*  CatalogrtM  of  DoaMe  Stan,  Ph.  Tr.  17St.  p.  IIS ;  1785.  p.  40;  1811, 1814. 

1817.  On  their  changes,  ibid.  1fl<t3,  p.  339;  l«Of.  p.  353.  Ahn  Mrm.  nf 
tbe  Astronomical  Sode^,  1822.  ik&bel,  Konigitbcrg  Ubtf.  Fat.  10.  Aiitroaonmche 
Nadirichten,  No.  88.  Stmm,  Cstdogns  Novas  Stdlsrom  DupUdam,  Buc  fel. 
Dorp.nt.  1827.  J.  Hersebfll,  Ph.  IV.  18S4,  18M.  Ast  Soe.  1881, te.  Ac.  Sootb, 

Pb.  Tr.  1H24.6. 

t  Goodricke,  Ph.  IV.  1783,  IzxIB.  474,  and  Im,  887.  See  also  butvi.  48;  and 
Lslande,  Hist,  et  M^m.  1788,  p.  940. 
t  Ph.  Tr.  1732,  n.  240. 
I  See  Ph.  IV.  1716,  udz.  354. 
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brilliant  than  any  other  star  w  ^net,  and  ohaaging  perpetually  into  aU 
the  colours  of  the  rainbow,  accept  when  it  was  near  the  horizon ;  itve* 
mftined  visible  f  v  about  a  year.  Mtay  other  new  stars  have  alao  bean 
observed  at  different  times.* 

For  describinc:  the  particular  fixed  stars  according  to  their  relatire  situ- 
ations, it  is  uecesHary  to  consider  them  as  tiiey  are  visible  to  Uie  inhabitants 
of  tilt  earth.  They  hava  been  divided,  for  iba  aaka  af  wwrnkne^  inta 
parcel^  making  up  imaginaiy  ioffiiia^  danomiiiatod  consteflationa.  llda 
diviaon  ia  ef  vary  ramola  aatiqiii^,  and  thoagh  it  may  ba  imiw^  and  aoaw- 
times  erm  inconvenient,  for  the  parposes  of  minute  obaBrvalioa,  yet  Ibt 
a  general  reool  lection  of  the  crreat  features  of  the  heavens,  these  arbitrary 
names  and  associations  cannot  but  greatly  assist  the  memory.  It  is  al**© 
usual  to  d^ribe  partirnlar  f^tars  by  tbeir  situation  with  respect  to  the 
imaginary  ft^rti re  to  which  they  belong,  or,  more  cnininonly,  at  present,  by 
the  letters  of  the  Greek  alphabet,  which  were  first  applied  by  Bayert  in 
1609;  and  in  addition  to  th^  by  the  Roman  letters,  and  by  the  numbers 
of  partienlar  aatakgues. 

Thaia  an  two  principal  modea  of  rspresanting  Ilia  alaia  ;  tha  ona 
ddineatiiig  fbam  on  a  giobe^  where  eaoli  alar  oeenptea  tka  qrat  in  whMi 
it  would  appear  to  an  cje  placed  in  the  centre  of  the  globe,  and  where  the 
situations  are  consequently  reversed,  when  we  look  on  them  from  without, 
in  the  same  manner  as  a  word  appears  reversed  •when  seen  from  the  back 
of       faper  ;  the  other  mode  is  by  charts,  which  are  gem  rally  so  arranged 

to  represent  tlie  stars  in  positions  similar  to  their  natural  ones,  or  as 
they  would  appear  on  the  internal  concave  surface  of  the  globe.  Some- 
tinua  also  the  stan  have  been  dalinaatad  as  they  would  be  projected  on 
imaginary  surCsoes,  without  any  rafereooe  to  a  |^oba ;  for  fartanea,  on  liia 
oorfaaea  of  traaaparent  oonaa  or  oyllndaia.  Ilia  ail  of  oonatmetfng  aU 
such  projeoliona  bdongs  to  the  sabject  of  penpaetiva. 

In  describing  tha  partieuiar  stars,  it  will  be  most  convenient  to  begin 
with  ench  as  never  set  in  our  climates,  and  we  may  than  rallBr  tha  Btoa> 
tions  of  otber<<  to  their  positions  wit}i  respect  ia  these. 

The  gi-eat  Ltar  is  the  most  conspicuous  of  the  consU^^llatioim  which  never 
set ;  it  ooniiistd  of  seven  stars,  placed  like  the  four  wheela  of  a  waggon,  and 
ilat]imhonei,axoepttliat11ia1ioiaHanllxadtooiiaof  ilia  wMiL  tka 
two  hind  wliada  an  the  pointers,  vhkh  direct  ns  to  tha  pole  star,  in  Hia 
axtnmityoftliataaof  iliaKtllabaar;  and  fiirtlMr  on,  to  tha  aoaaleOntlaa 
Cassiopeia,  which  is  situated  In  Ilia  nilky  way,  where  it  is  n^r^  to  tlia 
pole,  and  which  consists  of  several  stars,  nearly  in  tiia  Iwni  of  the  letter 
W.  The  two  nortliemmost  wheels  of  the  great  bear,  or  wain,  point  at  the 
bright  star  Capella,  the  rrnnf,  in  vVuriga.  Descendini;  alun^-  the  milky 
way  from  ("a^-'-iitpeia,  if  we  go  towards  Capella,  v c  < mne  lo  Algeuilj,  in 
Perseus  J  and  a  little  further  from  the  pole  we  find  Algol,  or  Medusa's 
head ;  but  if  we  take  the  opposite  direction,  we  arrive  at  Cygnus^  the 
awan ;  and  beyond  it,  a  little  out  of  the  milky  way,  is  tha  bright  star 

*  See  Ph.  Tr.  1715,  p.  354  ;  1780,  p.  338}  1786,  p.  189}  1792,  p.  24;  I7W» 
p.  166;  1796,  p.  452. 
t  Bsisri  UnnemsMs,  4a|A.  1608. 
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Lyra.  The  dragon  conaiita  of  a  chain  of  stars  partly  surruun  liiit:  the 
little  boar  ;  and  between  CasaiopeiA  and  the  swau  is  the  cousteilation 
Cepheus. 

Near  Algenib,  and  pointing  directly  towudt  arc  two  rtan  of  Andio- 
meda,  and  a  tUfd  it  a  Uttk  beyond  them.  A  line  dfawn  thnnigh  the 
great  liear  and  Capella  paaeea  to  tlie  Pldadee,  and  then,  tuning  at  a  right 
angle  towaida  the  milky  way,  leachea  Aldehaxaoy  or  the  bullae  eye^  and  tho 
ehooldera  of  Orion,  who  ie  known  by  his  belt^  oonriating  of  thiee  rtara, 
placed  in  the  middle  of  a  quadrangle.  Aldebaran,  the  Pleiades,  and  Algolf 
make  the  upper,  and  Menkar»  or  the  whale's  jaw,  with  Aries,  the  lower 
points  of  a  W.  In  Aries  we  oboerre  two  principal  stan^  one  of  them  with 
a  smaller  f\ttenc]ant. 

A  lini  drawn  from  the  pole,  midway  between  thepreat  bear  and  C  a|)(  lla, 
passes  to  the  twins  and  to  Pr.n  vim  ;  and  then,  in  order  to  reach  Siriiis,  it 
must  bend  across  the  milky  way.  Algol  and  the  twins  point  at  Regulus, 
the  lion's  hearty  which  is  situated  at  one  end  of  an  arch,  with  Denebola  at 
the  other  end. 

The  pole  alar  and  the  middle  hone  of  the  wain  direct  va  to  Spioa  Vii^ 
ginii^  otNuidfliahly  dietant ;  the  pole  and  the  fint  horn  neaily  to  Axotufin^ 
in  flie  waggooir»  or  Boolet.  Mnch  foitherfloiithward^  and  near  the  milky 
way*  ie  i^taree^  in  the  eooipion^  fonnii^y  with  Aiofciurus  and  Spiea»  a 
triangle,  within  which  an  the  two  stars  of  Libra.  The  NortI\em  crown 
Is  nearly  in  a  line  between  Lyra  and  Arcturus,  and  the  heads  of  Herenlea 
and  Serpentarius  are  between  Lyra  and  Scorpio. 

In  the  milk-y  way,  below  the  part  nearf^st  tn  Lyra,  and  on  a  line  'IrawTi 
from  Arcturus  through  the  head  of  Hercules,  is  Aquila,  makini»  with  Lyra 
and  Cygnus  a  conHpicuous  triangle.  Tlic  last  of  the  three  ju  iiuMpHl  stars 
in  Andromeda  makes,  with  three  of  Ptga.sus,  a  square,  of  wliich  one  of  the 
rides  points  to  Foumllmut,  situated  at  a  considerable  distance  in  the  south- 
em  fish,  and  in  the  neighbourhood  of  the  whale,  which  has  already  been 
mentioMd. 

By  means  of  these  alKneatloni,  all  tho  principal  stam  that  are  ever 
TiaiUo  in  Britain  may  be  easilj  reoogniaed.  Of  thoee  which  noror  rise 
ahoTo  ovr  Iwriaon,  then  an  serenl  of  tho  first  magnitnde ;  Canopns,  in 
the  ship  Argo,  at\d  Achemar,  in  the  river  Eridanus,  are  the  most  brilliant 
of  them ;  the  feet  of  the  centaur,  and  the  crosier  are  the  next ;  and  ac- 
cording to  Humboldt's  observations,  perhaps  eome  others  may  reqnin  to 
be  admitted  into  the  nme  elass.  (Plate  XXXYI.  XXXVII.) 
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1817,  5cc-.   (lurding,  Atlas  Cselestis,  foL  Gott.  1822.  CaturegU,  Enbem.  4to.  Boo. 
1 82.-^.    David,  Astr.  BeobMb.  9ng,  1823.  Brioschi,  Comentari  AMr.  4to.  Napal, 
1824.6.    Robinson,  Obs.  at  Arma^,  4to,  Lnml.  1829....    Argrlander.  Obf. 
Aslr.  2  vols.  fol.  Uelain^.  1830-1.   Ptwittottes  560  Stel.  4to,  1B35.  Johnson,  Obf. 
■t  HdBui,  410,  8t.  Rto.  1832.  Cat.  of  606  Stan  oT  Sontbem  Hembpbere,  4lo, 
Load.  18)5.  Ramker,  CiMl.  tai  Obi.  lit  FmumUi,  4to»  Hanb.  1832.  TVfhr, 
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Obs.  at  Madras,  1832.  Rianchi,  Atti  del  Osierv.  di  1M( dona,  fol.  1834.  Richard, 
•on,  Oba.  at  Paramatta,  4to,  Land.  1835.  Cerquero,  Ob«.  cn  San  Fernando,  fol. 
8.  F.  1835,  Henderson.  Ded.  of  172  fixed  Stan  obacml  afc  the  Cape  of  Good 
Hojpe,  4to.  Edin,  IH.-^S. 

To  these  we  must  add  the  volumea  which  are  issued  from  tlie  observatories  of 
Greenwich  ^Airy),  Cambridge  (Challis),  Edinbnrgh  (Hendenon),  Dorpat  (StruTe), 
Oxford  (Johnson\  I^orlin  (Encke),  Kl.nl-sl  rr;-  (Bessd),  Altoua  (Schumacher), 
Paria  (Arago),  Viean*  (Uttrow),  Paiermo  (Cacdatore) }  the  Neaticel  AlMoae, 


LECTURE  XUL 


ON  THE  SOLAR  SYSTEM. 

Thk  mo^t  cortfpicuous  of  all  the  celestial  bodies,  which  we  have  been 
examining,  is  tlie  sun,  that  magnificent  luminary  which  occupies  the  centre 
of  the  svBtem  that  comprehends  our  earth,  tnt»^th(^r  with  a  variety  of  other 
primary  and  secondary  planets,  and  a  biill  greater  number  of  comets. 

The  sun  agrees  with  the  &xed  stars  in  Uie  property  of  emitting  light  con* 

fwrtalloii;  U  it  poMlNtU«  al«»  tiiii  thin  bodiM  bave  nuB  propertiat 
in  oomnum*  Tlw  inn  ^  fhtfciDti^  eoaddand  as  •  ftxsd  ■!»  mi^^ 
tbfly  nMTiit;  sad fhe ftefs  m  mum  aft  ImmaMB  dlnlanow  from  w:  and 
m  infer  from  ^  faiM  anakg7«  that  the  tian  axe  pommd  of  giSTitalioiiy 

and  of  the  other  general  properties  of  matter ;  thqr  ^  supposed  to  emit 
heat  as  well  as  light ;  and  it  has  with  reason  been  conjectured  that  they 
serrc  to  cherish  tha  inhabitaiilB  of  a  maiftittide  of  plaaetaiy  hoditf  xeroiTliig 

round  them. 

The  sun,  like  many  other  Ktars,  lia^  nhnbly  a  progressive  motion, 
which  is  supposed,*  from  a  comparison  of  the  apparent  motions  of  a  p-reat 
number  of  the  stars,  to  be  directed  towards  the  constellation  Hercules. 
It  is  beyond  all  (question  that  many  of  the  stars  have  moUons  peculiar  to 
temidva^  aftd  it  b  nal  CMlrin  thai  aa^  flf  IImm  an  wfitfaim 
it  it,  thaiifina^  ia  llMlf  highly  proliaUfl  that  tiie  laa  augr  hava  aadi  a 
aMiioii.  Bat  0r«  Hanehilt  has  eonflnaad  thia  amyeefcaia  bj  aigoiacnti 
abniMt  demonateatiTa.  HeolinmithatliiaappaMaiproparnMitiaasof  44 
ituimitaf  Wantwyneariy  in  tha diiaotioii  which  would  be  the  nmit 
of  suoh  a  ical  motion  of  tha  oolar  system;  aad  that  the  bright  stars 
Arctums  aad  8lriii%  which  aiv  pvobd^  tha  nearest  to  us,  have,  as  they 
ought  to  hare,  the  ^ntest  apparent  motions.  Besides,  the  Btar  Castor 
sppeflrf,  whfTi  viewed  with  a  telescope,  to  consist  of  two  stars,  of  nearly 
equal  magnitude  ;  and  though  they  have  both  a  considerable  apparent 
motbii}  they  have  never  been  fouad  to  change  their  distance  a  single 

•  Miyer,  Pe  Motn  Fixnniin,  GHttUia;.  1760.  Wilvm,  Tlioughts  on  general  TTrti- 
Tktatjou,  and  Views  thence  arising  as  (o  the  State  of  the  Uaiverse.  1777.  Lalande, 
lUm.de  I'Actd.  1776. 

t  Hsnehel,  Fh.  Tr,  17Bft,  Iniil.  247. 
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leeond ;  a  cineantUnce  which  is  etmly  understood  if  both  tinir  appHiHt 
motions  are  supposed  to  arise  from  a  real  motion  of  the  sun,  bat  wliidl^ 
is  much  I«a  ptobabti  m  thi  —jgyitioB  of  tvo  MftaMte  and  indq^endai 

Besides  this  progressive  motion,  the  sun  is  subjected  to  some  smail  chan^'v 
of  place,  dependent  on  the  situations  of  the  planetary  bodies,  which 
long  inferred  from  theory  only,  but  wliicli  has  been  actually  deinf  ust  rated 
by  modem  obaerrationa.  Supposing  all  the  planets  to  be  in  conjunction, 
or  miriy  in  the  same  direction  from  fbe  son,  the  eommon  eeatn  of  inertia 
«f  tlw  ajrtm  k  ai  tbe  diateaoe  of  about  a  diamiler  of  tho  fon  from 
cntfo:  and  sinoe  the  oentie  of  hMariia  of  the  whole  ^■tan  miut  be  nndie- 
taxM  by  any  xw^ioeal  aeHona  or  lovoliitlonaof  the  bodiai  oompoeiny 
the  mn  must  describe  an  irregular  orbit  round  fUa  oentie^  hia  gmfi< 
diatanoe  from  it  being  equal  to  his  own  diameter.  We  may  form  an  idea 
of  the  magnitude  of  this  orbit  by  a  comparison  with  the  orbit  of  the 
moon:  a  body  revolving  round  the  ptin,  in  oontnot  with  his  fnirface,  muit 
be  nearly  twice  as  remote  fr-jm  Jiiy  centre  as  t)u>  maun  is  from  ihe  earth, 
and  the  sun's  revolution  round  the  common  centre  of  gravity  of  the  system 
must  therefore  be,  where  it  is  moet  remote^  at  four  times  the  distance  of 
the  mouu  from  the  eartli. 

The  sun  revolves  on  his  axis  in  26  days  10  hours^  with  Nopect  to  the 
fixed  atan :  this  axie  Is  dineted  iowaidi  a  point  almt  hatf  way  betimia 
the  pole  alar  and  Lyta,  the  plane  of  liie  mtatioa  being  indinMl  a  liMi 
more  than  7*  to  that  in  which  the  earth  rarolTee.  The  dinetkm  of  ffcii 
motion  is  from  west  to  east,  teimsiddoh  we  can  only  define  firom  e«r  pie- 
iupposed  knowledge  of  the  stars,  by  saying  thai  the  motioii  la  each,  that  a 
point  of  the  aan*s  surface  at  Urst  opposite  Aries,  moTw  towards  Taurus. 
Nor  hare  we  any  better  mode  of  describing  north  and  south,  or  right  and 
left :  we  can  only  say  comparatively,  that  if  we  are  placed  with  our  heads 
northwards,  nnd  looking  towards  the  centre,  our  right  hands  will  be  east- 
wards, aii  l  our  loft  westwnrds.  All  the  rotations  of  the  diflferent  IxH^ff*? 
which  compose  the  solar  system,  as  far  as  they  have  been  ascertained,  ure 
in  the  same  diriection,  and  all  their  revolutions,  excepting  thoik;  of  some  of 
the  comets,  of  which  the  motions  are  retrograde,  and  those  of  some  of  the 
satellites  of  the  Georgian  planet,  which  rerolTC  in  planaa  eo  distant  from 
thoae  of  the  other  phmetaiy  motiona»  that  Ihe  diieotiona  of  theb  ie?<^^ 
ean  aeaieely  be  ealled  eHhar  direct  or  retrogmde. 

The  thne  and  dlxeeHon  of  the  ann'e  lofealieii  ia  aeeartaliied  by  the  ofaa^ 
of  the  aitoatioD  of  the  8pole»*  which  axe  usually  vidhleon  hb  diae^  aai 
which  some  astronomers  su^poae  to  be  devotions,  but  others,  af^MUtmidj 
on  better  foundations,  to  be  exeantiou  or  dalicienciee  ia  tlm  Inminow 
matter  covering  the  sun'**  fiirface.  These  spots  are  frequently  obsemdte 
appear  and  disapyienr,  and  they  are  in  the  mean  time  liable  to  great  varb> 
tions,  but  they  are  generall}'  foimd  about  the  mme  points*  of  the  sun's 
surface.   Lahmde  f  imagiues  that  they  are  parts  of  the  soUd  body  of  the 

*  DisoofCfedbjIMbiidtta.  See  bb  tieatiae  De  MacoUi  hi  Soia  obaerml^  Wi* 
tenb.  1611. 

t  Hiit.  et  M^m.  1776.  BregnatelU,  BibUot.  ?isie.  1. 51^. 
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flOD,  wUchy  hy  MBM  agitetJfliis  of  flu  Imniiunift  oeetn,  witli  wfaioh  h» 
ooaodlTM  the  nm  to  be  nuToanded,  art  left  nearly  or  entiiely  bane.  Dr. 
Waaon*  and  Dr.Henofael  ava  dispoeed  to  oouidar  thia  oeaan  aa  nomialhig 
nfliar  cf  m  flame  than  of  a  Kqpdd  aaliirtamffli^  and  Dr.  Henchel  attributes 
tile  spots  to  tlnanussion  of  an  aeriform  flnldy  nol  jet  in  combostiony  which 
ilii|JitfiWT  the  general  luminous  atmosphere,  and  which  is  afterwards  to 
serve  as  fuel  for  supporting  the  process  ;  hence  he  supposes  the  api>ear- 
ance  of  copious  spots  to  be  infru-ativp  of  the  approach  of  warm  seasons 
on  th«'  surface  of  the  earth,  and  he  has  attempted  to  maintain  this  opinion 
by  iiibUirical  evidence.  The  exterior  luminous  atmosphere  has  an  appear- 
ance somewhat  mottled  ;  some  part^  of  it^  appearing  brighter  than  oUieis, 
have  generally  been  called  faculae ;  but  Dr.  Hafwdiel  dialfaigttidiaa  ttiani 
hj  tiba  namea  of  ridgea  and  nodnlea.  The  spots  are  usually  sunounded 
hy  flufgiiia  laaa  dark  than  tliamaelTSi^  which  Dr.  Haiadhal  aalla  ahallo«% 
«id  wfaieh  ha  eonaidan  aa  paria  of  an  infsrior  afaratain  conwatii^^  of 
opaqiia  doiid%  capahib  of  proteeUng  the  immediate  surface  of  the  aon 
from  the  mmdn  heat  produced  by  combustion  in  the  miperior  stratuni, 
and  perhaps  of  randaiiqg  it  habilaMa  to  animatod  beluga*  (Plate  XXXL 
Fig.  465...  469.) 

But  if  we  inquire  into  the  intensity  of  the  heat  whicii  must  necessarily 
exist  wherever  this  c  imbustion  is  perf^  i  nu  d,  wp  ?hall  soon  be  convinced 
that  no  clouds,  however  dense,  could  impede  its  rapid  transmission  to  the 
parts  below.  Besides,  the  diameter  of  the  sun  is  11 1  times  as  great  as  that 
of  the  eartli ;  and  at  its  nurface,  a  heavy  body  would  fall  Uirough  no  less 
than  4fi0  fwfc  in  a  single  second ;  so  that  if  ereiy  otfier  dremnatance  per- 
mitted hmnaa  baiiiga  to  leaida  on  it^  thair  own  weight  would  pnaanl  an 
inanpanhla  diffienlty,  ahioe  it  would  baeoma  nearly  thirty  timaa  aa  gnat  aa 
upon  the  aut&oe  of  the  earth,  and  a  man  of  moderate  siae  would  weigh 
above  two  tona.  Some  of  the  moet  oelahiatod  astronomers  have  imagined^ 
from  comparatiyo  hghi  of  diifiurant  parts  of  the  aan*s  disc,  or  apparent 
sorface,  that  he  is  surrounded  by  a  QOnaiderably  dense  and  extensive  atmo- 
sphere, imperfectly  transparent ;  conceiving  that,  vrithout  ?!ich  an  atmo- 
sphere, the  marginal  parts,  which  are  seen  most  obliquely,  must  nppcar 
considerably  the  briglitt  st  ;  l)ut  this  opinion  is  wholly  erroneous,  and  the 
infcreiu  »'s  which  have  Itef  n  ilriiwn  from  it^  respecting  the  sun's atmo^her^ 
are  con&*;(£ueiitly  without  foundation. 

We  are,  however,  assured,  by  direct  obserration,  of  the  exisieuce  of  soma 
aaiial  anbatanoa  in  tlia  ndghbonihood  of  tha  ami,  producing  the  appaannoa 
ealled  the  aodiaoal  lights  whieh  ia  aomatimaa  seen,  nearly  in  the  plana 
of  the  aon'a  rotatioii  on  its  aadi^  oztanding  b^ond  the  orbit  of  Marauiy* 
It  ia  aaid  to  hara  bean  fiiat  diatbotly  daaaribad  in  CUldr^y'a  Britannia 
Baconica,  a  work  publiahad  in  1661 ;  and  it  waa  afterwards  moire  par- 
tioolarly  obaemd  by  Caaalniyt  llain%t  and  othen.  In  the  tonid  aoaa  it 

•  Ph. Tr.  1774,  p.  1  ;  1783,  p.  141.  See  also  ibid.  vi.  2216,  2295,  and  3020. 
Cassini,  Mtlm.  de  I'Acad.  x.  581.  Ht  rs.  lu  l,  Ph.  Tr.  1795,  p.  46  ;  1801,  pp.  265, 
354.  Mossotti,  Ccsaris  Effeniendi,  1820.1.  Nicollet,  ConnoiMance  des  Temps, 
1822.  t  Hist,  et  M^m.  vii.  119 ;  Tiii.  193. 

X  Mairan.  Trdti  de  1' Auroftt  fior^,  Suite  dss  If de  rAosd.  Fte.  1731  sad 
17&1,  4to,  Paris,  1733. 
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is  almost  coijfitantlv  visible  ;  and  in  them*  t-limates  u  mav  often  be  ♦!5'^tin- 
giiishetl  Ln  the  iH  u'itming  of  MhitIi,  aft^r  the  tciunn  ition  of  twiiieiit, 
exh)l)iting  the  appearance  of  a  narrow  triangle,  somewiiat  rounded  off,  of  a 
whitenesa  resembling  the  milky  way,  ascending  from  the  ■an  as  a  base,  like 
tlM  projecti4«  or  Motfoo  of  •  voyflitl  sphMwdtiadtBteiidiag  to  a  diitowctf 
of  more  tbaii  50*  from  tho  ma*  The  whola  orbit  of  Vcnvt  now  Bobteado 
•0  gRot  an  angle  from  the  earCh  at  99**,  oonasquently  thU  labalVMB  moat 
ooeMMwAUj  inTolvo  both  Mercury  and  Venus  ;  and  if  ii  wine  not  extreme!  j 
Bin^  it  would  produce  some  disturbauco  In  their  motions  ;  while  in  fact  it 
does  not  appear  t«  impe<le  the  proifrcs*  even  c»f  tho  tails  of  the  rnmf^ts,  which 
are  prol>al)lv  theuwelveH  uf  very  iaconsiiitraljle  density.    It  cannot  be  a 
continuous  fluid  atmosphere,  revolving  with  the  same  velocity  aa  the  sun  ; 
for  the  grav  iuiiion  of  huch  au  atmosphere  would  cause  it  to  assume  a  form 
man  nearly  spherical ;  and  the  only  probaUe  nunuMr  In  whioh  it  can  ba 
auppoeed  to  retoin  Ue  fignie,  ia  hy  meaaa  of  a  Mvointfan  naek  nM»a  rapid 
than  the  ton's  rotttion.  Some  ptnona  haf«  attribnted  the  appearance  to 
the  refraotion  of  the  earth's  ataMopheio  only  ;  but  if  it  arose  from  any  such 
cause  at  this,  its  direction  oould  scarcely  be  oblique  with  rmpect  to  tha 
horizon,  and  it  is  highly  improbable  that  it  should  always  happen  toooin^ 
cide  with  the  plane  of  the  sun's  rotation.  (Plate  XXX I,  Fig.  470.) 

Tlie  sun  is  Hcconij)anied  in  his  progressive  motion  am  mg  the  fixeil  stars 
by  ten  [eleven]  planetary  bodies,  of  different  maguitutitrs,  revolving  round 
him,  from  west  to  east,  in  orbits  approaching  to  circles,  and  viable  to  us  bjr 
ineanaef  the  light  whkhthqrsacthrafirQBihiiD.  These  are  Meteuytyoniu^ 
the  £arth»  Uin,  Jnno»  Fdla^  Cent  -[Ttila],  Jnpitor^  Sntam,  and  the 
Geoigiaa  planet.  It  le  nnneceentty  to  addnee  at  pwatnt  any  aignmenltto 
ptOTO  the  actoal  existence  or  direction  of  any  of  these  motiont ;  their  com- 
plete agreement  with  the  visible  phenomena  of  the  heavens,  and  with  the 
laws  of  gravitation,  will  hereafter  appear  t^)  afford  f^nffirient  evidppre  nf  thf 
accuracy  of  the  received  theory  of  the  arrangement  of  the  solar  -^y  strin.  1  he 
motion  of  the  earth  is  the  most  unauswt  rnhly  proved  by  the  apparent  aber- 
ration of  the  fixed  stars,  derived  fruia  tlie  dillereut  directions  of  this  niotiou 
aft  diiiiRant  times,  and  oemiponding  precisely  mUit  the  known  talocity  of 
Ughl»dednfled£nMobeerfatwneof  avnydiftrtatkind*  That  the  plainelf 
iieeiTo  their  Ught  froni  the  eon,  ia  nndeniablj  dwwn  by^the  appeaianee  of 
the  discs  of  many  of  them,  when  viewtd  through  a  teleeeopt^  thote  parta  of 
their  saxfioee  only  being  lominoa^  on  wiiioh  the  eon  ehinee  al  the  time  of 
observation. 

Thpse  planets  are  luidur  ;ill  in  one  plane,  nor  does  anyone  of  them 
remain  precisely  in  tlie  same  plane  at  all  times  ;  but  their  deviations  fr«)ni 
their  respective  planes  are  lncon»derable,  and  they  are  commonly  repre- 
eented  by  supposing  each  planet  to  revolve  in  a  plane  passing  through  the 
tiui,andtheiitaat&Dnof  thitptanatobeBaUatotUghlTaiiaiioni.  Them 
i%  however,  a  oertain  inuiglaaiy  plane^  datenoinable  froaa  the  dtaatioiiey 
the  velocitiee»  and  the  matietof  the  pltnelB,  wMdi,  like  the  oentn  of  maftia^ 
never  changes  Ite  position  on  account  of  any  mutual  actions  of  the  bodies  of 
the  system,  and  this  plane  of  inertia  is  called  the  fixed  ecliptic.  Its 
situation  is  nearly  half  way  between  the  orbits  of  Jupiter  and  of  Setnm ; 
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and  it  fa  inclined  in  •  nnall  an^e  only  to  tlie  plane  of  the  eerth*e  ovUt» 
which  U  called  the  earth'a  edipti^  or  nmply  the  ecOptie. 

The  ecliptic  pawee  through  the  constellations  denominated  the  signs  of 
thez'  ^i  11",  between  Aries,  tla-  Pleiades,  the  twins,  and  R^gii his,  to  the  north, 
anil  Aiilebarun,  Spiou,  and  Antnres,  to  the  south.  Its  position  has  varied 
slowly  in  the  course  of  many  iig<^,  »o  tliat  its  uorthmost  ])oint  is  now  more 
tlian  cue  thiiti  of  a  de^ce  more  remote  from  the  pole  star  Uiaii  it  was  in 
the  time  of  Eratosthenes,  who  ubs«rved  ita  place  290  years  before  the  birth 
of  Christ.  It  aj^iears  from  Lagrange's  calculations^  that  the  limit  of  its 
gieateet  poesiUe  variation  is  about  10  or  11  degMes.  The  ecliptic  is  sup- 
posed to  he  diTided  into  twelYe  angolav  patts^  or  ^gns,  each  containing 
,  thirty  dagrees:  they  are  named  Ari^  Tonms,  Gemini^  Cancer,  Leo,  Virg<^ 
Ubra,  Scorpio,  Sagittarius,  Capricomus,  Aquarius,  Pisces.  Those  who 
prefer  the  cadence  of  a  Latin  distich,  in  order  to  asnst  the  memmy,  may 
repeat  them  thus, — 

Sunt  Aries,  Taonu,  Gemii^,  CsBOert  Leo,  Virgo, 
LilnrM|tte,  Soorpins,  ArdtenenSf  C^ier,  Amphon,  PSsoes. 

The  planes  of  the  orbits  of  the  other  primary  pluiets,  excepting  the  three 
£foar3  minaie  planets  lately  diaoovoed,  intersect  the  ecliptic  in  small 
angles,  and  the  Hues  of  int<-rscction  are  called  lines  of  the  nodes.  The  nodes 
of  al!  the  jilanets  move  very  slowly,  Init  T?ot  'juite  uniformly,  from  east  to 
west,  thati'^,  witli  respect  to  the  fixed  stars.  At  present  the  inclinations  of 
all  the  orhits  appear  to  be  iioniewliat  dimiimhiug :  that  of  the  orbit  of 
Jupiter  is  less  by  6  minutes  than  it  was  in  the  time  of  Ptolemy. 

Ilie  orbit  of  each  planet  is  reiy  nearfyan  ellipsis,  one  of  the  fooi  of  which 
coincides  with  the  sun,  or  rather  with  the  common  centre  oi  inertia  of  the 
snn  and  planet.  The  extiemiUes  of  the  greater  axii^  where  the  orbit  la 
fiirthest  from  the  son  and  nearest  to  it,  are  called  the  upper  and  the  lower 
apsis,  or  the  aphelion  and  perihelion ;  the  mean  distance  being  at  either 
end  of  the  lesser  axis  ;  and  the  distance  of  the  centre  of  the  ellijisis  from  tlie 
HUii  is  called  the  eccentricity.  The  slight  deviations  of  the  jjlanets  from 
tliese  elliptic  paths  are  expressed  l>y  considering  the  apsides  as  niovcuble, 
and  this  motion  is  direct,  tliat  is,  from  west  towards  east,  in  the  case  of 
all  the  planets  axcept  Venua^  of  which  the  aphelion  has  a  retrograde  motion, 
with  reipect  to  the  fixed  stars. 

The  dliptic  motion  of  the  |daneta  was  first  disoorered  by  Kepler;  and 
he  found  that  a  right  line,  joining  the  sun  and  any  planet,  descriljcs  always 
equal  areas  in  equal  times.  Tlie  observatiMifl^  an  wliich  Kepler^  founded 
these  important  law?!,  were  made  principally  on  the  planet  Mar^.  He 
deteiinined  by  calculation,. upon  the  suj)positit)u  which  was  then  generally 
adopted,  of  H  motion  in  an  eccentric  circle,  what  must  be  nearly  the  situ- 
ation of  the  plaiiel,  wilh  respect  to  the  sun,  that  is,  it6  heiluceutrie  place,  aud 
observing  its  geocentric  pbce,  with  respect  to  the  esrtl^he  was  thua  able  to 
coBstmot  a  triangle  representing  tlie  ntuationof  the  three  bodke ;  repeating 
this  operation  in  various  parts  of  the  orbi^  he  discorered  its  form ;  and 
having  done  this^  the  velocity  of  the  motion  in  different  parts  of  the  orbit 

*  See  LecLlY.  sad  Kepler.  Ailiaiioiiiia  Nova,  foLIVigB.  1609. 
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was  easily  kUnnined  from  the  appanoi  changt  «f  plM6  in  a  ghr«i  tiib 

(Plate  XXXII.  Flir.  471.) 

The  same  astronomer  also  ascertaine  d,  th;it  tlu- '"^uare?  of  the  times  of 
revolution  of  the  different  planets  are  in  j  r.  i|Kirti  >u  to  the  cubts  "f  their 
lueau  diataaces  from  the  sua.  For  example,  if  one  planet  were  four  tiiiie::^ 
w  distent  1*  MOtWr^  H  woaU  nvelvt  ia  a  paM  dgk*  tiMM  aa  long, 
tUm  tha  eabe  of  4  ia  aqaal  ta  the  square  of  8;  thna  Xaia  la  aeariy 
foiur  timea  aa  feeapte  firoia  the  ean  aa  Mflreaiy,  aad  lha  Gaoigiaa  plaaal 
foartiaieB  as  remaCeaa  Jn^ter»aadthiir  paiiodeaianaastyalghttiHiaaaa 
long  respectively. 

It  ia  probable  that  all  the  planets  hare  a  rotatory  motion  from  to 
east,  cither  f»erfectly  or  very  nearly  pqtiaMe.*  This  motion  lia**  I'veen 
observed  in  Venus,  the  Earth,  Mars,  .lu(iitci,  an  t  Sritum  :  and  from  s-ini*» 
phenomena  of  tiie  batellittis  i>f  the  Georgian  piauet,  3lr.  Laplace  iitinkii  tiiui 
it  may  also  be  assumed  as  nearly  ceftidii  Oal  flda  fdaaat  haa  alio  a  nla- 
toty  motion.  Tl&e  iignie  of  the  planete  ia  qilieroidical ;  they  are  more  or 
leae  flattened  at  the  folM,  aa  they  xevolve  move  or  lees  rapidly  on  their 
axes.  These  axea  retain,  with  a  reiy  alight  deTiation,  a  wtaation  alwaya 
parallel,  in  eraiy  part  of  the  orbits. 

But,  in  the  course  of  time,  the  irradual  chani»e  of  thft  position  of  the  axis 
prodiH-os  a  sensible  effect.  In  th^  rjuse  of  the  earth,  this  effect  is  denomi- 
nated the  j)recession  of  the  e<|innoxes.  The  equinoctial  j)oints  are  the 
intersections  of  the  apparent  ecliptic,  or  the  path  of  the  sun  in  the  heavens, 
with  the  plane  of  the  equinoctial,  which  is  perpendicular  to  the  earth's 
axie  and  wliich  peasea  tluroagh  the  equator  on  the  eartfa'a  eoxCace ;  theoe 
points  of  intexaection  Imve  a  retrogiade  moCiotty  ftoni  east  to  wost^  on  the 
ecliptic.  This  mol»m  waa  disoovered  by  Hipparoho%  in  flie  year  128 
before  Christ,  from  a  comparison  of  hin  own  ohserrationa  wfth  those  of 
Timocharis,  made  155  years  before ;  and  since  the  time  of  ^ppaiehii8» 
the  equinoctial  pnint'^  have  receded  about  26,^°.  ITenre  it  happens  that 
the  constellations  called  the  signs  of  the  zodiac,  are  now  at  a  considerable 
distance  from  those  di^nsions  of  the  ecliptic  which  bear  the  same  names. 

The  earth's  axis  has  also  a  small  periodical  change  of  iudixiatiou,  or  a 
nutation,  perfbnned  in  ahout  19  years,  and  amoantii^  m  tiia  whole  to  18 
eeeonda  only.  Ita  existenee  waa  ditormined  hy  Newton  fimn  theory, 
although  he  failed  in  the  attempt  to  aseertain  its  quantity  with  aeeuxaey ; 
it  waa  first  actually  ohserred  by  Dr.  Bradley,f  about  the  year  1747.  The 
absolute  direction  of  the  axia  in  the  heavens  is  also  liable  to  some  variation, 
in  the  course  of  many  njres,  but  this  change  has  not  always  been  suflRcieiith* 
distinguished  from  the  rlirtnef  '>f  the  position  of  the  ecliptic.  The  inclina- 
tion of  the  equator  to  the  eclii  t  u  is  n  .w  very  nearly  28*. 

In  order  to  retain  in  memory  a  general  idea  of  tlie  proportional  distances 
of  the  primary  planets  from  the  sun,  we  may  eall  tliat  of  tiia  earth  10  and 
that  of  Satom  100 ;  the  distanoe  of  Mereory  will  then  he  4|  to  which  we 
must  add  3for  Venusy  making?;  twice  8  or  6  for  the  eartli,  maUaglO; 
twice  6  or  12  for  Mars,  maldng  16 ;  twice  12  or  24»  maldng  2^  for  the  three 

•  Herachelott  die  Rotation  of  the  Planets,  Fh.  IV.  1781,  p.  115. 
t  Fh.  TV.  1746,  p.  I. 
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[four]  small  planets,  Juno,  Pallaa,  and  Geret  QVeaU3>twloe24or 48^tnakiiig 
ifiyftrJttfiltar;  twiee48or96ftir  Ssliini,  makioglOO;  ciidt«!oe96or  192, 
aiskiag  196^  for  «h«  G«otgiaii  planet ;  and  thew  iiims  win  lepresent  the 
distances,  without  anj  material  exeeption*  in  the  nearest  int^r  nnmbers. 

The  planet  Merrui^  is  little  more  than  one  third  as  large  as  the  earth  in 
diameter.  Tie  performs  his  revolution  in  somewhat  less  than  three  monthf?, 
flt  about  two  fifthn  of  the  distance  of  tlie  earth.  His  orhit  is  more  ('ccentric, 
and  more  inclined  to  the  ecliptic,  than  those  of  any  of  the  planets  except 
the  three  [^four^  small  ones  lately  discovered ;  the  eccentricity  being  one 
flfUi  of  flui  meeik  distanee,  and  the  indinationT^.  Of  Us  terity  and  his 
votstioB  m  knoir  nothing  hnt  from  eonjeetnie.* 

Venae  is  n/ry  neaiij  ae  laige  as  the  eaith ;  Jh.  Henehd  thinks  her 
even  a  Httfe  larger.  Her  rerolntion  oconpies  about  7  months,  her  distance 
from  the  sun  being  about  seven  tenths  of  thnt  of  the  earth,  and  her  orbit 
nofirlv  circular,  incline*!  in  an  anelp  <>f  24'  to  the  ecliptic.  Mr.  Schroeterf 
attnluites  to  her  mountains  much  hijjhir  than  those  of  the  cartli,  he  has 
observe*!  8tron^  indications  of  an  atmosphere  surroundinij  her,  and  he 
assiguii  for  her  rotation  on  her  axis  the  period  of  2t}  hours  2 1  minutes. 
Her  density  has  b^a  estimated  from  the  perturbations,  occasioned  by  her 
aittnetion,  in  the  moHcns  ef  the  other  planets,  and  it  liaa  heen  snppoeed 
to  he  a  Utile  leas  than  that  of  die  eaith. 

The  distanceof  the  earth  fton  theson  is  about  95  milHon  English  miles ; 
and  this  detemdnation  is  generally  supposed  to  be  so  far  accurate,  that 
there  is  no  probability  of  an  error  of  more  than  a  million  or  two,  at  most, 
althniigh  some  authors  are  still  dis-pn^ed  to  helieve  that  the  distance  maybe 
even  t;reater  than  a  hundred  milli  ns.  Tlie  peri<xl  of  its  revolution,  with 
respect  to  the  c<[uinoctial  points,  which  are  the  usual  standard  of  comjiari- 
son,  since  their  situation  determines  the  annual  return  of  the  seosoiLs,  is 
9B&  days,  9  homa,  40  minntel^  and  48  seoonds ;  and  tUs  is  eaDed  its 
tropical  rerohitioa ;  tiiaft  of  its  ahsolnte  or  sidereal  revolution  is  965  days, 
6  homa»  9  mfamtes,  and  8  seoonds ;  thediflerence^  which  ie  20minntes  and 
20  seconds,  being  the  time  occnpied  in  passing  over  the  space^  through 
which  the  equinoctial  points  have  retreated  in  the  course  of  the  tropical 
year.  By  a  day,  we  always  understand  the  time  which  elajiscs  diinn<jf  the 
rotation  of  the  earth  with  respect  to  the  sun ;  a  sidereal  day  is  about  four 
minutes  shorter. 

At  a  distance  from  the  sun  exceeding  that  of  the  earth  by  one  lialf,  tlie 
planet  Mars  revolves,  in  about  a  year  and  seven  eighths.  He  b  of  half 
the  earth's  linear  dimensions ;  he  has  spots  which  change  thefar  form,  and, 
theielore,  prohably,  an  atmosphere.  Dr.  Hersdiell  fi>nnd  his  rotation  per- 
formed in  38  minutes  more  than  a  day ;  his  eq[nator  inclined  28<*  42^  to 
the  plane  of  his  orbit,  and  his  figure  so  much  flattened  at  the  poles,  that 
his  axis  is       shorter  than  his  equatorial  diameter.  From  this  form, 

*  Consult  Laknde,  M^m.  dc  I'lnst.  v.  442. 

t  BeobsebtmigeQ,  4to,  ErfltrOi,  179S.  Apfaroffitographisdie  VngMsnlea,  410. 

Hchn.  1796    J  Mimol  de  Physique,  xlviii.  459.  Bejtrilge,  8vo,  Betlin,  1788.  Fh. 
Tr.  1792,  Ixxxii.  309  j  1795,  Ixxxv.  117. 
t  BnwAA,  Ontfaensnetldars,Fh.Tr.  1781,  p.  115;  1784,  p.  283. 
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compared  witii  tii«  time  of  Wb  votttioo^  it  msj  be  Inisnd  Ikaft  Ui 
density  moet  be  fwy  unequal  in  diffinrwit  parte:  Laplaee  aappooea  it 
from  calcuktion  to  be  on  the  whole  about  Ihzee  fbnrthe  ae  great  aa  that  of 

the  ^rth. 

In  the  interval  between  Man  and  Jupiter,  and  nearly  at  the  diatanee 

where,  from  a  dependanceon  the  regularity  of  the  progfression  already  men- 
tioned, ;i  number  of  astronomers  had  for  some  years  been  seeking  for  a 
primsiry  planet,  the  observations  of  Mr.  Piajori,*  Dr.  OIl»ers,t  and  Mr. 
Harding^  have  placed  three  very  small  bodies,  differing  but  little  in  their 
mean  dietaiMie  and  their  periodical  time.  They  have  named  them  Cera, 
PaUae,  and  Jnno :{  none  of  them  enbtenda  an  angle  large  enough  to  be 
meaanred  by  our  beat  inetnunente;  and  all  the  eireamitancee  of  their 
motions  are  yet  but  imperfeelly  eetabfiahed.  J uno,  however,  appears  to  be 
somewhat  less  remote  than  the  other  two  :  all  their  orbits  are  conaMwrrfdy 
inclined  to  the  ecliptic,  especially  that  of  Pallai*,  which  is  also  extremely 
eccpntrir.  Dr.  llcrschel  does  not  admit  that  they  deaerve  the  name  of 
plaut'LH,  auJ  ciiaoses  to  call  them  astt  i  uiil^. 

Jupiter  is  tlie  larg^t  of  all  tlie  ])iauet^  his  diameter  being  11  times  as 
great  as  that  of  the  earth,  and  the  force  of  gravitation  at  his  surface  being 
triple  the  teneatrial  gravitatioii.  He  nvolTea  in  about  12  years,  at  a  little 
more  than  five  timea  the  eartih'a  djatamee  trcm,  tfw  ami.  Hie  rotation  ie 
performed  in  leia  than  ten  hoan^  Ua  eqoator  beiiv  inclined  aboot  Uiree 
dcgreca  to  his  ecliptic,  which  makes  an  angle  of  1^  19^  wiUi  onra.  Hbbelte 
are  supposed  by  many  to  be  clouds  in  hil  asmospheie  ;  thqr  aam  to  have 
a  rotation  somewhat  slower  than  that  of  the  planet. 

The  diameter  of  Saturn  is  ten  tunes  as  great  as  that  of  the  earth,  hut,  on 
account  of  the  smaller  density  of  his  substance,  the  force  of  gravity  at  his 
surface  scarcely  exceeds  itt»  force  at  Uie  surface  of  the  eu^.  He  revolves 
in  29  yeare  and  a  half,  hi  an  orbit  iadined  8^  to  the  eeUptic,  at  the  die- 
tanoe  of  eemidiamelen  of  the  eaith'a  orbit :  hia  rotation  oeeoidea  only 
10}  bonn^  and  Ua  equator  ia  inelined  about  90^to  our  eefiptie.  The  meet 
remarkable  idreumatanoe  attending  him  is  the  appearance  of  a  double  ring,|| 
which  is  suspended  over  his  equator,  and  revolves  with  a  rapidity  almost 
as  great  as  that  of  the  planet.  Ult*  fisriire  appears  also,  according  to  Dr. 
Ilerschel's  observations,  to  be  extmneiy  sin^'ular ;  deviatini?  very  coum- 
dembly  from  that  nf  an  elliptical  spheroid,  which  is  the  form  assumed  by 
ail  the  other  planets  that  appear  flattened,  and  approacliiiig  in  some  degree 
to  a  cylinder  with  ila  angles  rounded  oC  Sueh  a  form  can  only  be  derifed 
from  aome  my  great  irregolaritiee  In  the  dtndty  of  the  internal  parte  «f 

♦  Di«^ov<Trd  rtrrs-,  1st  Jnn.  1801.    Zadl's  M Oft.  CofTCBp.  IT.  63. 

t  DiS4 .  Failaa,  2bLh  March.  1802. 
i  Disc.  Joao,  Isk  Sept.  1804. 

§  A  fourth,  namH  Vf^ta,  waa  diftcovenvl  hy  Olb^rs,  on  19tli  M.:»rcli,  1807. 

II  Pouutl.  i^h.  Tr,  1732,  p.  240.  Laplace,  Menunre  »ur  iu  Th^rie  de  I'Aii- 
nesu  de  Satame.  Herachel,  Ph.  Tr.  1790,  pp.  4,  427  ;  1792,  p.  1 ;  1794,  p.  48  ; 
1805-6-8.  Bc!i(>el  makes  the  inclination  of  the  r'm^  to  our  ecliptic  to  be  28*  22'. 
Berlin,  Ephem.  1814,  1822.  He  estimates  the  masii  uf  the  ring  at  of  tbat  of 
Setaia,  Art.  Nacb.  Noa.  m«4^. 
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The  Georgian  pknet,  discovered  by  Dr.  Ilerscbel  *  in  1780,  sometimes 
also  called  Uerschel,  and  sometimes  Uranus,  revolves  in  8djf  years,  at  a 
difltanoelkwntli«mmeqiial  toldtiniittbatof  tba  ear^  Ito  ^Btaifter  It 
m  Utttoiiiom  than  4  tbnca  that  of  tin  earlh,  lad  the  weigVit  ef  bodies  at  Its 
flnrfiMa  a  IHtie  lees  than  here.  Notwithslandiiig  its  dinuiuloiia  are  by  no 
BMans  oompaiatfrelyaniallyftappeanto  na  ea  a  itar  of  the  lixlh  oraerenth 
magidtttde^  and  is  seldom  seen  by  the  naked  qro*  Its  orbit  approaches 
Ttaj  near  to  the  ecliptic ;  its  disc  is  said  to  be  somewhat  flattened,  and  It  is 
supposed  to  revolve  with  considerable  rapidity. 

Tliofse  ten  [eleven]  planetary  1)0(1108  are  the  onlyone^  liitherto  discovered 
whi(  h  ('  any  title  to  be  considrrfd  as  primary  planets,  that  is,  as  bodies 
revolving  round  the  snn,  in  orliits  so  nearly  circular,  as  to  remain  always 
within  the  reach  of  our  nliservation.  It  has  been  conjectured  that  the 
number  of  planets  may  in  reality  be  much  greater,  tliat  not  only  many 
small  and  perhaps  invittble  bodi^  may  be  revolving  in  the  intervals  of  the 
.  planets  with  which  we  are  aeq;iia!nted,  bat  fliat  latg«r  bodies  also  may 
belong  to  our  systeni,  whidineirfr  appioaeh  within  snehadistsnoe  as  to  be 
seen  by  ns.  Some  have  even  bertowed  names,  bonowed  Ikom  the  ancient 
mythology,  on  these  imaginaty  planets ;  bnt  tlie  idea  of  soeh  an  appvoprii^ 
lion  of  terms  is  rather  to  be  regarded  as  belonging  to  the  legions  of  poetical 
fiction  than  to  those  of  solid  philoeophy. 

The  largest  and  the  most  remote  of  the  primary  planets  have  their 
attendant  satellites,  or  secondary  planets,  accompanying  them  in  their 
ref^prctive  rfvolutions  round  the  sun,  and  moving,  at  the  same  time,  iu 
suburdinate  orbits,  round  the  primary  planets.  The  earth  is  attended  by 
the  moon,  Jupiter  by  iijiir  moons  or  satellites,  Saturn  by  seven,  besides  his 
ring,  and  the  Georgian  planet  by  six  moons.  All  these  satellites  move  in 
the  direct  order  of  the  signs,  and  in  planes  not  very  remote  from  the  eclip- 
^  excepting  those  of  the  Geoigian  planet^  idilch  molve  In  planes  nsariy 
perpcndlealar  to  the  ediptic  Eaeh  of  theee  planets  tiins  beeomes  the  eea- 
tial  lominaiy  of  a  little  system  of  its  own,  in  whieh  the  motions  and  the 
psfiodaobssrve  theeamegeneial  lawsaspievail  in  the  solar  sjrstem  atlaige. 
Of  the  28  primary  and  secondary  planets,  we  are  indebted  to  Br.  Herschel 
for  the  knowledge  of  9 ;  the  Geoigian  planet,  with  its  ox  sateUitei^t  and 
the  two  innermost  moons  of  Saturn. 

The  motions  of  some  of  these  satellites,  in  particular  of  those  of  Jupiter 
and  nf  the  moon,  are  of  considerable  importanrp  for  the  a«^?istnnre  they 
atiord  us  in  determinations  of  time,  and  of  tb</  relative  situations  of  pitw-'es. 
They  are  mibjected  to  considerable  irregularities,  but  the  united  labours  ot 
VHt  iiius  astronomers  have  enabled  us  to  calculate  all  their  motions  with  the 
greatest  accuracy. 

The  moon  perfiDnns  a  complete  sideieal  levdntion  In  27  days  7|  hours, 

*  Aeeovnt  of  a  Comet,  Ph.  Tir.  t781,  LuL  492.  Hmchel,  Fh.  TV.  1783,  p.  1. 

Bode,  Von  dem  neu  Entdeckton  Plan.  BerL  1784.  LeseU,  do.  4to,  FMsnb.  Worm, 
Gotha,  1791.    Robison,  £d.  Tr.  i.  305. 

t  An  Account  of  the  Discovery  of  the  Satellites  of  the  Georgian  Planet,  Ph.  TV. 
1787,  p.  125;  1788,  p.  364;  1796,  p.  47.  Account  of  the  Disooveiy  of  a  Sisthssd 
Seventh  Satellite  oC  the  Fhmet  Sstncii,  Fb.  Tr.  1790,  p.  1, 427. 
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and  a  synodical  rerolutioo,  during  wliidi  she  returns  to  tfit  mMU  poation 
with  respect  to  the  earth  and  sun,  in  2U  days  12|  hoars ;  a  period  which 
cuQfiiituU'S  a  lunatiuu,  or  a  lunar  montii.  Her  orbit  i;*  inrlinrfl  to  the 
ecliptic  in  an  nngle  of  a  little  more  tlian  five  dej^ees,  but  lias  iiicliuiitwu  m 
liable  to  ^reat  variatioos :  the  place  of  its  nodes  aitto  continually  chang- 
ing^  tludr  motion  bdng  aoBkotimes  retr(^rade,  and  wmtiig  dinot,  but  oa 
tlio  wbolo  tlio  icCrog^»d«  notioA  prefaili.  Xlie  togm.  of  tka  bmnh^s  ortifc  is 
imigaktl/  cUiplk^  and  tho  Ttboify  of  Us  motioa  dtmtct  flonadtnUj 
ftma  the  Keplerian  Uw  of  the  deoex^tion  of  equal  areas  in  eqwl  ttmet; 
the  apsidefl^  or  Vba  extremities  of  the  greater  axis  of  the  ellipsis,  wbick  an 
called  the  apogee  and  perigee  have  on  the  whole  a  direct  motion.  From  a 
comparison  of  modem  obsen^ations  with  the  moat  aocifin^  the  mean  "Mrf^^ 
of  the  moon  is  found  to  be  somewhat  accelerated. 

The  laoou  revolves  on  her  owu  iixi?>  '•vuh  a  very  equable  motion,  and 
the  period  of  her  rutation  19  precittely  e^ioal  to  tlie  mean  period  of  her 
nvolation  nmnd  llie  eutb;  lo  iliai  elu  alwajfi  praioBti  to  ae  tfio aaaa 
portion  of  lier  mufiuc^  excepting  the  apparent  liliiatioDa  prodtioed  by  her 
aneqaal  valocitiee  ia  her  orbil»  aad  by  the  poaitioA  of  har  axis,  which  it 
inclines!  P  40'to  the  eclipti<^  and  Bometimes  as  much  as  7°  to  her  own 
orbit.    Her  dijjtance  from  the  earth  is  about  240,000  miles ;  her  diameter 

of  that  of  the  earth,  or  2100  miles  ;  and  the  wei<;ht  of  bodies  at  her 
burfacc  ib  t»uppoaed  to  be  about  one  Mth  of  their  weight  at  the  aujcfaoe  of 
the  eai'th. 

The  surface  of  the  moon  preseutii  to  us,  when  viewed  with  a  telescope, 
a  great  diversity  of  light  and  diade,  the  principal  fitattiree  of  which  an 
Tinble  even  to  the  naked  qre^  Many  of  theae  ineqnalttiei  reecmblc  wmj 
■trongly  the  eflecte  of  voleanoa ;  leveral  aetnnoDoteca  have  im^ned  that 

they  have  seen  volcaaoe  actually  burning  in  the  unenlightened  part  of  tha 
planet ;  and  Dr.  llerschel's  instruments  have  enabled  him  to  obtain  aatie- 
factor}''  evidence  of  the  truth  of  the  conjecture*  The  appearance  of  a 
perforation,  which  Ulloa  su])j)oseil  that  lie  oliserved  near  the  mari^in  of 
the  Moon's  disc,  in  a  solar  eclipse,  has  been  attributed  by  some  to  a  Volcano 
actually  burning.  Dr.  lialley  and  Mr.  Weidlerf  have  aiho  ubbervui 
flaahea  of  light  on  the  dark  part  of  the  moon»  ooneideniblj  waembling  the 
effect  of  lightning.  The  height  of  the  Innar  noantaiiia  haa  been  com^ 
monly  eoppoeed  to  ezeeed  Tory  eomddeiably  that  of  tha  mountaipe  of  the 
earth;  but  Dr.  llerschell  iaof  opii>i  n  that  none  of  them  are  eonmch  aa 
two  miles  hiKh.  The  names,  which  have  been  given  by  astronomen  to 
various  parts  of  the  moon'^  suzfaoc^  are  of  eooDa  ntali^  in  the  tkmrntim 
of  tlie  progress  of  an  eclipse. 

Of  the  satellites  of  Jupiter, §  -uiue  -ire  a  little  larger,  and  olhcrs  smaller 
than  tlm  moon :  they  all  rcvulvu  ixi  plauett  iachuui  between  2^°  and  to 
the  orbit  of  tl^  planet,  and  they  ate  therefore  always  seen  nearly  in  the 
•ame  line.  It  Is  inferred,  from  some  periodical  changes  of  li^ht  which  they 

*  An  Account  of  the  VolcaDOs  in  the  Moon,      Tt,  1797,  hsfii.  229.    See  aleo 
Ph.  Tr.  1794,  pp.  84,  429,  435. 
t  Ibid.  1739,  p.  228.  :  Ibid.  ir>^0,  p.  507. 

§  Marii  Mtmdes  Javialis,  4to,  Nwemb.  1614.   Utmhei,  i'h.  Tr.  1797,  p.  332^ 
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The  ring  of  SrtaiM  Is  inclined  81  Jegimi  to  our  ecliptic ;  of  his  seven 
satellites,  six  are  nearly  in  the  same  plane  with  the  ring ;  but  the  plane 
of  the  seventh  or  outennoet  satellite  is  but  half  as  much  inclined  to  tlkt 

ecliptic.  Tlie  ring  lia"  Wen  oK«;prve<l  hy  Dr.  ITcrschel  to  revolve  in  10^ 
hours,  ^vhIch  is  considciuM}'  less  than  the  time  tiiat  would  he  occupied  hy 
the  revolution  of  a  satdlU"-  at  the  same  distance.  The  planes  of  the  six 
satellites  of  the  Georgian  plauet  are  nearly  perpendicular  to  the  ecliptic ; 
and  some  of  their  revolutions  are  supposed  to  be  rather  retrograde  than 
direct.* 

Betides  the  bodies  which  rerolfs  coapletsly  xwuid  the  gn,  wftU»  tht 
Kmili  of  our  ohsemlioiiy  thoio  we  ollmi^  of  wlueii  wo  only  conehido  finom 
SBdogy,  iliiiitlilif  patfom  Bobh  imliiluiiB,  1teeai<e4lieooiiiiti;  tliey 
gsDMftllj'  oppoiY  tAUmM  by  s  ndniloiu  light,  eitbar  (mnooMUiig  ibm  as 
a  ooDia,  or  stnlchsd  out  to  »  considerable  length  as  a  tail ;  Mid  they  somo- 
timee  seem  to  oonrist  of  such  light  only,  Tbtbe  orbits  an  so  ec^-entrie^ 
that  in  their  remoter  situations  the  comets  are  no  longer  visible  to  u^ 
altliough  at  other  times  they  approach  much  nearer  to  the  sun  than  any 
of  the  planets:  for  the  comet  of  U\Hi\  when  in  its  perihelion,  was  at  tiio 
distance  of  only  one  nixth  of  the  sun's  diameter  from  his  surface.  Their 
tails  are  often  of  great  extent,  appearimr  a-^  a  faint  light,  directe<l  always 
towards  a  point  nearly  oppu*»ite  to  the  ^uu :  it  is  quite  uncertain  of  what 
substance  they.consist ;  and  it  is  difficult  to  dstermine  which  of  the  con- 
joctnns  nspeeting  timii  «•&  ho  oonaidsnd  as  tho  kast  improhabls ;  it  b 
ponible  tiiaty  on  aecoont  of  the  intense  oold^  to  wUoii  the  oomels  aie  snb- 
jected  in  the  greatert  part  of  tfadr  revolntioBS,  imne  substsiMMe,  move  light 
Ihsn  any  thing  we  ean  imagins  on  the  earthy  may  be  leteined  by  them  in 
a  liquid,  or  even  in  a  lolid  form,  until  they  are  dismgaged  by  the  effect 
of  t!u>  sun's  heat :  but  we  are  alill  equally  at  a  loss  to  explain  the  rapidity 
of  their  ascent :  for  the  bunynncy  of  the  sun's  atmosphere  cannot  posribly 
be  mipposod  to  tie  adequate  to  the  etfect ;  and  on  the  whole  there  is,  per- 
haps, reason  to  believe  that  the  appearances  are  derived  from  sojne  rause, 
bearing  a  con.sideral)le  analo'^'^y  to  the  fluid,  suppostni  to  be  concerned  in 
the  efFocts  of  electricity.  It  1*4  ]>rnbn!»lo  tiiat  the  density  of  the  micleus, 
or  the  body  of  the  comet  itscli,  is  cumparativeJy  small,  and  its  atliai  liou 
for  the  taU  consequently  weak,  so  that  it  has  little  tendency  to  reduce 
Am  tally  ofon  if  it  eoasists  of  a  material  sabstsnoe»  to  a  splieiiesl  form ; 
lor  idnos  eome  oemeli  have  no  Tiailile  vuoleiis  at  all,  tfatue  is  no  diffionltj 
in  sapposng  the  nnoleiu^  when  prenent^  to  he  of  veiy  moderate  densltyy 
and  peihaps  to  conrist  of  the  ssme  kind  of  mhstaace  as  conslitaies  the  fall 
or  coma,  in  a  slate  of  somewhat  greater  condensation.  If,  therefore,  it 
should  ever  happen  to  a  planet  to  fall  exactly  in  the  way  of  a  comet,  of 
which  there  is  but  very  little  probability,  it  is  to  be  supposed  that  tlie 
inconvenience  suffered  by  the  inhabitants  of  the  planet  TniL'ht  be  merely 
temporary  and  local :  the  chancea  are,  however,  much  greater,  that  a  eomet 

*  J.  Herscbel  on  the  SateUites  of  Urauu&,  Mem.  of  the  Ast.  Soc.  voL  viii. 
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might  inteifera  in  such  a  manner  with  a  planet,  as  to  delleet  it  a  little  frotii 
its  course,  and  retire  again  without  coming  actiially  into  contact  with  it. 

Nearly  500  comets  are  recorded  to  have  been  seen  at  ditiorent  time?,  nn  \ 
the  orbits  of  about  a  hundre4  have  been  <  inertly  a^^certained  :  but  we 
have  no  ojtportunity  of  observing  a  sutticient  portion  of  the  orbit  of  any 
comety  to  determine  with  aoeuracy  the  whole  of  its  form  as  an  eUipsisy 
■inoe  the  jMot  which  is  within  ths  UmUsof  ovr  observslioii  doss  not  aenaiUjr 
differ  from  the  paraboU,  which  would  be  the  result  of  an  aUipas  praloi^sed 
without  end. 

Two  comets  at  least,  or  perhaps  three,  have  been  recognized  in  their 
return.  A  comet  appeared  in  1770,  which  Prosperin*  suspected  to  move 
iu  an  orbit  materialiy  di£Berent  from  a  parabols  :  Mr.  Lexellf  determined 
its  period  to  be  6  years  and  7  mouths,  and  its  extreme  distances  to  be 
between  the  orbits  of  Jupiter  aud  of  Mercury  ;  but  it  does  not  appear  that 
any  subsequent  observations  have  con^med  his  theory.  It  haa^  howevei^ 
been  caleniated,  that  anpporang  the  theory  eemet»  It  mint  afterwirds  hare 
appvooched  so  near  to  Jupiter  as  to  have  the  liotiii  of  its  ocbii  eotiiely 
ehai^^. 

Dr.  Halleyt  foretold  the  return  of  a  comet  about  17^8,  which  liad 
appeared  in  1631,  in  1G07,  and  in  1682,  at  intervals  of  about  75  years ; 
and  with  CIairaut's§  further  correction  for  the  perturbations  of  Jupiter 
and  Saturn,  the  time  agreed  within  about  a  month.  The  mean  distiuice 
of  this  comet  from  the  sun  must  l>e  less  than  that  of  tlie  Georgfian  planet ; 
so  that  by  improving  our  teiescopeii  stiU  more  iugiii^ ,  we  may,  perhaps^ 
hereafter  be  able  to  convert  some  of  the  eomets  into  plaaets,  so  fw  aa 
their  remaining  always  visible  would  entitle  them  to  the  appellation* 
DnHallcy  also sappoeed  the eomet  of  1080 to  have  been  ssen in  1106»  in 
and  In  the  year  44befon  Chlls^  having  a  period  of  676  yean;  and 
it  has  been  suspected  that  tiie  comets  of  1556  and  1264  were  the  same,  the 
interval  being  292  years  ;  a  conjecture  which  will  either  be  confirmed  or 
confuted  in  {lie  3'ear  1048.  Some  persons  have  even  doubted  of  the  perfect 
coincideuec  of  tlie  orbits  of  any  comets,  seen  at  di&ereut  tinicH,  wilJt  eacii 
other,  and  have  been  di^i  )s,  1  to  consider  them  as  messengers  forming  a 
eommunication  between  tiie  neighbouring  systems  of  the  sidereal  world, 
and  visitaag  a  firietj  of  slats  in  sooeeisioiiy  so  as  to  have  their  oonrsea 
alteied  conturaally,  by  the  attraelion  towaids  naiij  different  centres ;  bnt 
considering  the  ooineidenoe  of  the  ealonlation  of  HsUqr  and  Clainnt  with 
the  subsequent  appeaiance  of  the  comet  of  1759,  this  opinion  can  scarcely 
be  admitted  to  be  in  any  degree  psobahls  with  respect  to  the  comets  in 
genornd,  howpvor  possible  the  supposition  may  be  in  some  particular  oasee» 
(PkteXXXll.  FiL.  472... 47.5.   Plate  XXXiu.  Fig. 476...485.) 

*  On  Com,  I7?n,  ito,  Upsal.  1776. 

t  Lezell.  Mtm.  dr  I'Acnd.  Par.  1  77G,  p.  638 ;  and  UisqiuiJitio  de  Temp.  per.  Co- 
metK  An.  1770,  Ph.  Tr.  1779,  p.  68. 

t  Ph.  Tr.  170:.,  ]>  1882  ;  and  Gregory'?  Klomf-nrs  of  1726.  See  History  of 
Halley'g  Comet,  ,v  it  1 1  m  Account  of  its  Return  in  as  predicted  by  MM.  Damoi- 
seau  and  De  Pontecoulant,  tranaUtod  from  the  tmiA  of  M.  De  PoBt^ooalsnt*  by 
Gold,  1835.    MoM-lty's  Lect.  on  Art.  1839. 

§  Journal  des  SaTans,  1759.  See  his  Thcoriedu  Mouvemeut  da  Coinctes,  Paris, 
1770. 
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lkct.  xlii.— additional  authorities. 

T)f-sfripfinvn.    S'im.— Hausen,  4tOr  LMffs.  1726.  SehriMeft  4li»»  Eifort.  1789. 

W  oodward,  Washington,  1801. 

Moon. —  Ilcvelii  SelenogTaptiia,  fol.  Dantz.  1667.  Cuosini,  Carte  de  h  Lnne. 
Myliiu,  Ubcr  die  AtmospMre  des  Mondes,  4to,  1746.  Mayer's  Cosroumrnphischo 
Nachnchten.  174b,  p.  379.  Voa  dem  Mondkiigeln,  4to,  Nurnb.  1750.  i>chruter'a 
Sdenotopognphiidie  Kragmentm,  2  vob.  4to»  OStt.  1791.  Beer's  Mapoftiie 
Moon. 

Orbits. — See  Lect.  43 ;  alio  Primary  Flanett. — Halley'a  Mode  of  determinmg  the 
Oiliilit  Fh.  T^.  1676,  p.  683.  UaTgenii  Coaaiotheroa,  4to,  Hag.  1698.  Varignon, 
Hist,  et  MSm.  1700,  p.  224,  H.  78.  Cfecdatoie,  Svtt'  Origioe  delUSiatema  Solan, 
Fklermo,  1826. 

flte  Kepltr*»  Firo».— KeOI,  Hi.  IV.  1713,  p.  1 ;  UntAAn,  iUd.  1783,  p.  20ft. 

Stewart,  Ed.  Exh.  ii.  105.  LHgrange,  HUt.  et  Mem.  de  Berlin,  1764,  p.  204. 
Seiour.  Hist,  et  Mem.  1 790,  p.  4U1.  Ivorj,  £d.  Tr.  t.  203.  Brinkley,  Ir.  Tr.  vi. 
349 ;  ix.  83. 

Secondary  Planets. — riniraut  on  theMooti's  OrVnt,  Hiat.  et  M^-rn.  1743,  p.  17, 
U.  123  i  1748,  p.  421.  Th^rie  de  la  Lime,  4to,  Feterab.  1752.  Stewart,  The  Dia. 
tHioe  of  tlM  Son  dednoed  by  Theory,  Bd.  1763.  Mi^er,  Ilieom  Lome,  4lo,  Load. 
1767.  Euler,  do.  LapUce,  HUt.  et  BKm.  1784,  p.  1  *,  1786,  Emti;  1786, 
p.  235;  1788,  p.  249}  1789,  p.  1,  237. 

CmmIv.— BarfiioliinHi  de  Conetia,  4to,  Copen.  1666.  LoMnieti,  Tlieelnim 
Cometicuin,fol.  An)'t.  IflflH.  Hcvelius,  CometographU,  fol.  Gedani,  1668.  Cassiiu, 
Sur  la  Comcte  de  1C80,  4to,  Paris,  1681.  Bernoulli,  Conamen  Nori  Systematia 
Cometaran,  12tiio,  Anat.  1682.  WUitoo's  VtadeetieaeB,  1716.  Leiiioanier»  hk 
Tb^rie  des  Comtt--.  Pnn  .  17-13.  Heinsius,  Ueber  den  Con  et.  von  1743^  4to, 
Petenb.  1744.  Loys  dut  Cheiieaux,  do.  Lausanne,  1744.  Martin'a  Theory  of  Geiiieta, 
4to,  1767.  Lambert,  Insignlores  Orbttae  Cometamm  Proprietatet,  AagA.  1761. 
Widehurcr,  Utbrr  dm  ('(  in.  Jena,  1769.  Lambert  on  the  Apparent  Orbit  of 
Comets,  Hist,  et  Mrm.  de  Berlin,  177.1,  p.  352.  Oliver  on  Comets,  Salem,  1772. 
Lapkoe,  M6n.  det  Stv.  Etr.  1773,  p.  503.  Oionia  de  S^nr,  Hist,  et  M6ii.  1774, 
H.  7H;  Essai,  Paris,  1775.  Comfnnrt,  Dissertation,  4to,  T'tr.  1780.  Pingr^, 
Comebttrapbie,  2  vola.  Paris,  1783.  Piazzi,  Delia  Cometadel  1811,  4to,  Palermo, 
1812.  En^efield  on  Comete,  4to,  1793.  Legendre,  Svr  lea  Orbitea  dee  Comitea, 
4to,  Paris,  1806;  Supplement,  fto,  1B20.  St  litl.i.  r,  Ueber  den  Gro&sen  Com.  von 
1811,  Gutt.  1815.  Cacciatore,  Delia  Com.  di  lbl<i,  Palermo,  1819.  Lubbock,  On 
tile  Orbit  of  a  Comet,  Mem.  of  the  Ast.  8oe.  1829.  Eodre,  Ueber  die  Nacfaate 
"Wiederker  des  Cometen  von  Ponsin  Jalir.  1832,  Altonn,  1831.  Airy  on  Encke's 
Comet,  Camb.  1832.  Littrow  on  do.  Wien,  1832.  Stratford,  £phemeris  of  Ualley'a 
Comet,  1836.  Arago,  Des  Comitea,  ISino,  P)ur.  1834.  Tlrte^  do.  18iiu>,  AveoM, 
1836.  Milne  on  ComeU,  Ed. 


LECTURE  XLUI. 


ON  THE  LAWS  OF  GRAVITATION. 

It  was  first  systematica !]}•  flcTnanstrated  hy  Sir  Tsauf  Nowton,  tiiat  all 
the  motions  of  the  heavenly  bodies,  which  liave  )n  <  n  drM  i  ilipd,  may  be 
deduced  from  tlie  effects  of  the  same  force  of  gravitation  wliicli  causes  a 
heavy  body  to  fall  to  the  earth  ;  he  has  shewn  that  in  cunseqaenco  of  this 
oiiiTenal  property  uf  mattw,  all  bodieB  attmet  wush  other  with  foxces  de- 
qnasing  u  the  aqiiaraa  of  the  distanoet  incnase ;  and  of  later  years  the 
taina  tbeoiy  baa  been  etall  more  aooiuatel y  applied  to  the  iiu»t  complicated 
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phenoiiMiia*  We  ait  al  prwent  to  take  a  genenl  tIcw  of  ilio  iteration  of 
tlua  law,  in  flie  lame  oidor  in  wlileh  the  afleetioni  of  the  oehetfal  bodies 

have  been  enumerated.  It  wili  net  be  possible  to  mvestigelo  natHiMBatli- 

ca%  ibe  effects  of  gravity  in  each  particular  motion,  but  we  may  in  s<mie 
measure  illustrate  the  sul»jf*ct,  ttinsiderin?  in  wbp.t  manner  Rstronomers 
have  proreeded  in  their  explanations  and  tal filiations,  and  we  may  enter 
huilitieiiiiy  into  the  principles  of  the  theory,  to  understand  the  possibility 
of  its  applications. 

Hm  bodice  which  exist  in  natafs  aie  never  single  gravitating  points ;  and 
in  order  to  determine  the  elfects  <rf  Quett  attraetton,  we  must  suppose  the 
aedoBo  of  aninflalte  nnmberof  euBhi»oinlstobeeQM]Mned«  Itwaasiiewn 
by  Neivton,  that  afl  the  matter  of  a  spherfoal  body,  or  of  a  epherical  eov- 
fwe,  may  be  considered,  in  estimating  its  attractive  force  on  other  matter, 
OS  collected  in  the  centre  of  the  spliere.  The  steps  of  the  demonstration 
are  these  :  a  particle  of  matter,  plami  at  the  summit  of  a  given  cone  or 
jiynimid,  is  attracted  by  a  thin  surface,  composed  also  of  attractive  matter, 
occupying  the  base  of  the  cone,  witli  equal  force,  whatever  may  be  the 
length  of  the  cones,  provided  that  its  angular,  pofliti<m  remain  unaltered : 
lienoe  it  is  easily  infened  that  if  a  gravitating  point  be  placed  au^  where 
witUn  a  hoHow  ephere^  it  will  nsnain  in  equifibriun,  in  oenseqncnee  of 
the  opposite  and  eqnal  actions  of -the  infinite  number  of  minute  surfaeei^ 
terminating  the  opposite  pyramids  into  which  the  sphere  may  be  divided  i 
it  is  also  demonstrable,  by  the  assistance  of  a  fluxional  calculation,  that  a 
point,  placed  without  tbo  surface,  is  attracted  by  it,  precisely  in  tho  same 
umuiier,  as  if  tbt>  w  li  le  matter  which  it  contains  were  collected  \n  the 
centre ;  cousequeutly  the  same  is  true  of  a  solid  sphere,  which  may  be 
supposed  to  consist  of  an  iniinite  number  of  such  hollow  spheres.  If, 
however,  the  point  were  placed  within  a  solid  sphere  it  would  be  vxgtd 
towards  the  centre^  by  a  fovoe  wlueh  is  simfdy  proportional  to  its  dtstanee 
ficom  tlial  centre.  This  proposition  tends  very  much  to  fadUtate  all  cakn- 
latiuns  of  the  attractions  of  the  odestifll  bodies,  since  all  of  them  are  so 
nearly  spherical,  that  their  action  on  any  distant  bodies  is  the  same  as  if 
the  wliole  of  the  matter  of  which  they  consist  were  coT\<]onscd  into  their 
respective  centn^s  ;  but  if  the  force  of  p^ravity  varii  l  according  to  any 
other  law  tbnn  tliul  which  is  found  to  [trevail,  this  simplification  would  no 
longer  be  admissible,  even  with  respect  to  a  sphere. 

It  can  aearcely  be  donbted  lhai  the  power  of  gravitation  extends  from 
one  fixed  star  to  another,  alUunigh  its  eflecte  may  in  this  case  be  mueh  too 
iaconriderable  to  be  perceived  by  ns.  It  may  pos^Uy  influence  the  pro* 
gressive  motions  of  some  of  the  stars;  and  as  Dr«  Herschel  suppoeei^ 
there  are  double  and  triple  stars  revolvine;  round  a  common  centre,  they 
mnst  be  retained  in  their  orbits  by  the  fon-e  of  erravlty.  Dr.  Herschel 
also  imairines  that  the  motion  of  our  sun  is  in  some  measure  derived  from 
the  same  cause,  being  directed  nearly  towards  a  point  in  which  two  strata 
of  tliti  milky  way  meet ;  the  attraction  of  the  stars,  other  things  being 
equal,  must,  however,  be  proportional  to  their  brightness,  and  that  part  of 
the  heaveiu^  to  which  the  sun  is  probably  moving  apiiears  to  afford  Icaa 
Hgiit  than  almoet  any  other  pavt»  nor  does  the  hemisphere,-  of  which  It  la 
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IbeoBBln^aWiiiiio  vnoh  in  bright  aim  M  til*  oppoiitolM^  If 
Sirins  if  •  miHioii  tioMs  at  lir  firam  tiM  mm  as  tibe  «tlil^  and  if  lia  •heold 
dveend  towaida  tlia  «ib  by  meaiia  of  tbrir  aintiial  gnvttation  only,  lia 

would  maw9,  on  a  roogh  estimate,  but  about  40  feet  in  the  first  ymr,  and 
IB  1000  yean  only  8000  milee.  It  has  been  conjectured  that  the  mntiial 
gfravitatioii  of  the  stars  of  a  nebula  i'^  sometimes  the  cause  of  the  peculiar 
form  of  the  agj^n  .rat*%  which  somewhat  resembles  that  of  a  dpop  of  a  lii[uid 
hel<l  together  hy  its  cohesion  ;  but  unless  the  form  uf  the  nebula  was  ori- 
ginally spherical,  it  could  scarcely  have  ac^j^uired  that  form  from  the  opera- 
lion  of  gravity,  aineetiia  •phwrical  fonniif  advep  iaowlug  as andi  to tiM 
ciaotidtgr  as  to  tba  attneCiva  fona  of  tlio  particka  of  vatsr,  and  it  would 
be  naemmgff  in  otdar  to  ^naunm  the  analogy,  tiiat  the  itaza  should  also 
be  floating  in  an  iaooMpfBarible  fluid. 

The  sub's  change  of  place,  dependent  on  the  relative  situation  of  tfao 
planets,  is  so  inconsiderable,  that  it  escaped  obser\'ation  until  it«  existence 
had  been  deducinl  from  theory.  Not  but  that  Uiis  change  would  l>e  jsufli- 
ciently  conspicuous  if  we  had  any  means  of  detectinc^  it,  since  it  may 
amuuut  iu  the  whole  to  a  distance  et^ual  to  twice  the  buu's  diameter,  or 
seven  times  the  distanoe  of  the  moon  from  tiia  eariii  $  and  Ifais  dianga  b 
leadily  deduciUe  from  the  general  and  unquestionable  law  of  mecfaanioi^ 
that  the  plaoe  of  the  eentveef  iaartiaof  a  lystem  oannot  be  changed  by  any 
nciprocal  or  mutual  action  of  the  bodies  compoung  it,  the  aetion  of  gra- 
vity Iwng  found  to  be  perfectly  reciprocal.  But  the  earth  accompanies  tlis 
sun  in  jjreat  measure  in  this  aberration,  and  the  other  planets  are  also  more 
or  lesH  affected  by  similar  uiot  ions  ;  tbnt  the  relative  sit\!ntionH  nn-  mtirU 
less  (li-tnrhed  than  if  the  sua  descxiLtJ  liiis  irregular  orbit  by  the  ope- 
ration of  a  cauBe  foreign  to  the  rest  of  the  »ystem. 

The  ample  revolution  of  a  body,  in  a  given  plane,  indicates,  at  hrst 
siglit»  the  SKistanoe  of  an  attiaetive  force  diiected  to  some  point  within  the 
orbit;  and  the  Keplerianlawof  the  equality  of  the  aveasdeseiilMd  in  equal 
timee,  by  a  fine  drawn  from  eatii  planet  to  the  son,  egress  precisely  with 
what  is  denaoastrable  of  tlie  effects  of  central  forces,  and  points  at  oaoe 
to  the  sun  as  the  centre  of  attraction  of  the  system.  And  since  the  orbits 
of  the  planets  are  elliptical,  and  the  sun  is  placed  in  one  of  the  foci  of 
each,  it  may  be  matliematically  proved  that  the  force  directed  to  the  son 
must  incrca^  in  proportion  as  the  square  of  the  distance  decreases. 

The  times  of  the  revolutions  of  the  piaucta  are  altio  in  perfect  con- 
.  formity  with  the  laws  of  gravitation,  that  la,  the  sqoaras  of  the  times  are 
pvopottional  to  the  enbw  of  the  diatsaosit  ttom  the  sun.  It  waeeaqr  to 
inftr,  fffm.  what  Huygene  had  already  demonatrated  of  oenttifogal  foroei^ 
that  this  Keplerian  law  must  be  true  of  bodies  revolving  in  drclee  by  the 
force  of  gravitation  ;  but  Newton  first  demonstrated  the  Hunie  proportion 
with  respect  to  cl!!;»tic  orbits,  and  shewed  that  the  time  of  revolution  in  nn 
elUpsis  is  equal  to  the  time  of  revolufion  in  n  cirfle,  of  which  the  diameter 
is  e<|ual  to  the  greater  axis  of  the  ellipsiii,  or  the  semidiameter  to  the  mean 
distance  of  tlie  plauet. 

The  univwsality  of  the  lawe  of  gravitation,  as  applied  to  the  diflfereni 
planetf^  shews  also  that  the  matter,  of  which  tliay  art  oompoeed,  is  equeUy 
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tabjeeted  to  its  power ;  for  if  any  of  Hm  |»Uiifito  oontiined  %  povtioii  of  an 
inwt  oabstahcfl^  Teqairing  a  force  to  put  it  in  iDotioii,  and  yet  doI  lialde  to 
the  foree  of  gTavltatioii»  tiie  motion  of  the  planet  would  lie  materiaUy  dif- 
ferent from  that  of  any  other  planet  similarly  situated. 

Tlie  deviations  of  each  planet  from  the  plane  of  its  orbit,  and  the  motiont 
of  its  nodes,  or  the  points  in  which  the  orbit  interfw^rts  tbe  })lane  of  the 
ecliptic,  as  well  as  the  motions  of  the  aj)helion,  or  the  point  where  the  orhit 
is  remotest  from  the  sun,  have  also  heen  deduced  from  the  attractions  of  tlie 
other  planetary  bodies  ;  but  the  calculations  of  the  exact  quantities  of  these 
perturbations  are  extremely  intricate.  In  geuerul,  each  of  the  disturbing 
forces caneea  the  nodes  to  have  a  ellg^t  degree  of  retrograde  motion ;  baton 
account  of  the  peculiar  sitiuition  of  the  oibite  of  Jupiter  and  Satam,  it 
happens  that  the  retrograde  motion  cf  Japltet^s  node,  on  fhe  plane  of  the 
or1>it  of  Satnm,  produces  a  direct  motion  on  the  ecliptic,  so  that  the  action 
of  Saturn  tends  to  lessen  the  effect  of  the  other  planets  in  caosing  a  retro* 
gratle  motion  of  Jupiter''^  nnries  on  the  ecliptic. 

Tlie  secular  diminution  of  the  obliquity  of  the  ecliptic,  or  that  slow 
variation  of  its  position,  which  is  only  discovert  by  a  comparison  of  very 
distant  observations,  is  occasioned  by  the  change  of  position  of  the  earth's 
orbit*  in  oonseqnenoe  of  the  attractions  of  the  other  planets,  especially  of 
Jupiter.  It  haa  been  calculated  that  this  change  may  amonnl^  in  the 
conrss  of  msny  ages*  to  lOP  or  11^,  with  rsqioet  totbs  fixed  stem ;  but  the 
obhquity  of  the  ecliptic  to  the  equator  can  never  vary  more  than  two  or 
three  desrrees,  sines  ths  equator  will  foUow,  in  some  measure^  tlis  motiim 
of  the  ecliptic. 

The  mutual  attraction  of  the  particles  of  matter,  composing  the  bulk  of 
each  planet,  would  naturally  di"<))ose  them,  if  they  were  either  wholly  nr 
partially  fluid,  to  assume  a  spherical  form  :  but  their  rotatory  motion  would 
require^  for  the  preservation  of  this  form,  an  excess  of  attraction  In  the 
equatorial  part^  in  order  to  balance  the  greater  centrifbgal  fores  arising 
htm  the  graater  velocity  of  their  motion :  but  shuos  the  attractive  force  of 
the  sphere  on  the  particles  at  an  equal  distance  from  its  centre  is  every 
where  equal,  the  equatorial  parts  would  necessarily  recede  from  the  azia^ 
until  the  creater  number  of  particles,  acting  in  the  samp  co]mn?i,  cnmpen- 
sated  for  the  p;rcater  effect  of  the  centrifugal  force.  The  form  woulii  thus 
be  chanared  from  a  sphere  to  an  ol)late  or  flattened  spheroid  ;  and  the  sur- 
face of  a  fluid,  cither  wholly  or  partially  covering  a  solid  body,  uiust 
same  the  same  figure,  in  («dsr  that  it  may  remain  at  rest.  The  surface  of 
the  ssa  Is  ihsrefors  spheroldicaly  and  that  of  the  earth  deviates  so  for  only 
fnm  a  spheroidicsl  figure,  as  it  is  above  or  bdow  the  genersl  level  of  the 
sea.   (Plate  XXXIV.  F%.  486.) 

The  actions  of  the  sun  and  moon,  on  the  prominent  parts  about  the 
earth's  ecjuator,  produce  a  slight  change  of  the  situation  of  ita  axis,  in  the 
same  manner  ri«  the  attractions  of  the  other  plnnots  i^casioii  a  de%  iatioii 
from  the  plane  of  its  orbit.  Hence  arises  t!io  i  i  i  cf'Rsion  of  the  e<|iiinnxr-, 
or  the  retrograde  motion  of  the  equinoctial  points,  amounting  annually  to 
about  60  seconds.  The  nutation  of  the  earth's  orbit  is  a  small  periodical 
change  <tf  the  same  land,  depending  on  the  position  of  the  moon*8  nodes ;  in 
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consequence  of  whirh,  According  to  Dr.  Hradley's  orii^inal  observations, 
the  [)«>le  of  the  equator  (lescrilies  in  the  heavens  a  little  r>Hipsis,  of  ^v!ueh  the 
diameters  are  Ki  and  20  secoiidij.  The  same  cauHe  is  also  concerned  in 
modifying  the  secuhir  vuriaiiou  of  theobli<^uity  of  the  ecliptic  :  aud  on  the 
other  hand,  thiB  rarittion  liaa  «  eomdderable  effect  on  the  apparent  preces- 
aioa  of  the  equinoxis.  On  aeoouni  of  tlie  diffDNut  quantity  of  tho  preoo»* 
flioa  at  <ll0in«nt  tunoe,  the  actual  longth  of  the  tropical  year  ia  subjected  to 
a  lUght  Tariation :  it  is  now  4  or  5  seconds  ahorter  than  it  was  in  the  time 
of  Hipparchus.  Tlie  ntnuMt  change^  that  can  happen  ftma  this  eaoBe, 
amounts  to  43  seconds. 

The  exact  computation  of  tJie  nioon'«  motion  h  one  of  the  most  diffictilt, 
as  well  as  the  most  luipurtant  problems  in  astronomy  ;  but  it  16  easy  to 
understand,  in  general,  kow  the  difference  in  the  quantity  aud  direction  of 
the  sun*8  actions  on  the  moon  and  earth,  may  cause  such  a  derangeuient  uf 
the  mocm's  gravitation  towards  the  earth,  that  tiie  SndhMition  of  the  orbit 
must  be  Tariablo^  that  the  nodes  must  have  a  reliogiadei  and  the  apsides  a 
diieet  notion ;  wd  that  the  velocitjr  cf  the  moon  must  often  be  diflerent 
from  that  which  she  would  have,  according  to  the  Keplerian  law,  In  a  aim* 
pie  elliptic  orbit. 

For,  the  sun's  attraction  as  far  as  it  acts  equally  on  the  earth  and  the 
moon,  can  have  no  eftect  in  disturbing  their  relative  position,  being  alwavn 
employed  in  mmlifyinj^  their  common  annual  revolution  ;  but  the  difference 
of  the  forces^  occaiiioaed  by  the  dillereuce  of  distances,  always  tends  to 
diminiA  the  effisct  of  thdr  mutual  sttractiMi ;  sbice  llie  sun  acts  more 
poweff ully  on  the  nearer  than  on  the  remoter  of  tiie  two  bodies.  The  dif- 
ftfsnce  of  the  directbns,  in  winch  the  sun  acts  on  the  sarth  and  the  moon, 
produces  also  a  force,  which  tends,  in  some  degree,  to  bring  them  nearer  to- 
gether ;  but  this  force  is,  on  tlie  whole,  much  smaller  than  the  former ;  and 
the  result  of  botli  these  disturbing  forces  is  always  directed  to  some  point 
in  the  line  which  joins  the  earth  and  the  sun,  on  the  f;ainp  side  of  tlie  eartli 
with  tlie  !noon.  It  is  obvious  that  when  tin  n  i  Its  are  ali^i  iii  this  line,  the 
dibturbuig  force  can  have  no  eifect,  either  on  their  pouition,  or  on  the  in- 
dinatlmk  of  the  orbit,  since  it  acts  wholly  in  the  plane  <tf  that  oildt;  but 
when  ihej  are  in  any  other  sitnation,  the  disturbing  force  must  cause  a 
deviation  from  the  plane^  towards  the  side  otn  which  the  sun  is  situated,  so 
that  the  inclination  of  the  orbit  increase  and  decreases  continually  and 
equally  ;  but  whatever  may  be  the  position  of  the  nodes,  it  will  appear 
that  they  must  recede  during  the  greater  part  of  the  moon's  revolutioD, and 
advance  •hiriiiq'  th<»  '^mallfr.    (Plate  XXXIV.  Fit?.  4r?7.) 

When  the  distu^lMl;^  fmce  tends  to  sejjarate  the  earth  and  moon,  it  de- 
ducts from  the  graviiation  of  tlie  uioou  towards  tlie  earth  a  portion  which 
increases  with  the  distance,  and  therefore  cwses  the  remaining  force  to 
decrease  more  rapidly  than  the  square  of  the  dBstance  increases;  and  the 
reverse  happens  when  the  disturbii^  force  tends  to  bring  the  earth  and 
moon  nearer  together ;  but  tiie  fonner  elibet  is  considerably  greater  than 
the  latter.  Now  in  tibe  simple  ellipsis,  when  the  body  descends  from  the 
mean  distance,  the  velocity  continually  prevails  over  the  attractive  force, 
so  as  to  turn  away  tlie  direction  of  the  orbit  more  and  more  from  the 
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reTolvfiBg  ndins,  until,  at  a  certain  point,  which  it  called  the  lower  apsis, 

it  becomes  perpendicular  to  it :  but  if  the  rt'iitml  force  increase  in  a  greatfr 
proportion  than  is  necessary  for  the  description  of  the  f'!Iii)5is,  the  point 
where  the  vt  lni  tty  prevails  over  it  will  He  more  remote  than  in  t)ie  ellipsis  ; 
and  this  is  ex]>iL.-,-n:U  hy  sayin;2:  thiit  the  apnih  moves  forwards.  Wlicn,  on 
the  couti-ary,  the  force  variety  mure  slowly,  the  apais  has  a  retrograde 
motbii.  SbuM^  Huanhn,  the  force  attracting  the  moon  towarda  tlie  eaxtli, 
humtmt,  m  the  wlnle^  a  littb  more  rapidly  than  Hie  square  of  Hie  dietanoe 
deBre>Bei»  the  apndes  amut  bave^  on  tihe  whole,  a  direet  motkm.  And  a 
similar  theory  is  applicable  to  the  mutaal  pertnrbatkna  of  the  primary 
planets.   (Plate  XXXIV.  Fig.  488.) 

The  secular  acceleration  of  the  moon*s  mean  motion,  which  had  long- 
presented  a  difticulty  amounting  almost  to  an  exception,  asj^vinst  the  suffi- 
ciency of  the  theory  of  gnivitation,  lias  at  last  heen  satisfactorily  deduced 
by  Mr.  Laplace  from  the  eft'ect  of  tlie  gradual  ciiangc  of  the  eccentricity  of 
the  earth's  orbit,  which  is  subjeet  to  a  very  slow  periodical  variation,  and 
whidi  eansea  a  dilfiHmiee  in  the  magnitade  of  the  Sim's  action  on  Hie  h^ 
revolatioik 

^le  perfect  eoinddence  of  the  period  of  the  noon's  rotation^  witii  that 
of  a  mean  refolntion,  has  been  supposed  to  be  in  some  degree  an  effect  of 
the  attraction  exerted  ])y  the  earth  on  a  prominent  part  of  her  surface: 
there  aro,  however,  many  reasons  to  <lotibt  of  the  sufficiency  of  the  expla- 
nation, if  tile  periods  had  originally  been  very  nearly  e([ual,  we  might 
imagine  that  the  motion  of  the  earth  would  have  produced  a  libration  or 
oscillation  in  the  ponition  of  the  moon,  retaining  it  always  within  certain 
Ifairiti  with  respect  to  the  esarth ;  no  libration  h,  however,  dNNvred,  tiiat 
can  be  derived  from  any  faieqnalit J  hi  the  moon's  rotation ;  and  it  has 
veijr  pieiMriy  besn  suggested  that  the  same  attraction  towards  the  earth 
ought  to  liave  made  the  moon*s  axis  precisely  perpendicular  to  tile  plane  of 
her  orbit,  instead  of  being  a  little  inclined  to  it  At  the  same  time  the 
appearance  of  a  similar  coincidence,  in  the  periods  of  the  rotation  and  re- 
volution of  many  other  satellites,  makes  it  probable  that  sonic  pi'neral 
cause  must  have  existed,  which  has  x>roduced  the  same  effect  in  so  many 
different  cases. 

The  orbits  of  tiie  comets  afibrd  no  very  remarkable  slngnlatity  in  the 
appiieatioii  of  the  lawe  of  gravity,  excepting  the  modifltatioos  wMeh  depend 
on  their  near  approach  to  the  paraboUo  form,  and  the  great  dlstotbaaoe 

which  their  motions  occasionaUy  sailer,  when  they  happen  to  pass  tlirongfa 
the  neighbourhood  of  any  of  the  laiger  planets.  The  velocity  of  a  comet 
in  its  perihelion  is  such,  that  ii«i  square  is  twice  as  preat  as  (he  square  of 
thr  \  *  locity  of  a  body  revolving'  in  a  circle  at  the  same  distance.  It  was 
df  (t  i  niined  by  Halley  and  f'lairaut,  that  the  attractions  of  Jujdter  and 
Saturn  would  delay  the  return  of  the  comet  of  1759  about  618  days  ;  and 
tiie  piediBtio&  wae  accomplished  within  the  probable  Ihnits  that  tiicy  had 
assignsd  for  the  enor  of  the  calcolatimi.  The  laboors  of  Oairant  have 
indesd  in  man  j  leqieets  improved  the  eeience  of  mathematical  aotnmomy ; 
he  was  the  first  that  obiaiaed  a  complete  determination  of  the  effects  of  the 
aratoal  actiooe  of  three  gravitating  bodiei^  distubiny-eaeh  other's  motiom ; 
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and  his  inyestigations,  which  were  founded  on  thoee  of  NewUm,  led  the 
way  to  still  further  iin;trovKTnt>nt»  nnA  rofinements,  which  kft¥«  bw  IMW 
made  in  soceeflaion  by  Eakx^  Lagrange,  and  Iiajilare. 
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1756,  p.  700  ;  1761,  p.  275.  Laplaoe  on  the  Secnlar  VariationB  of  the  Planets. 
HUt.  et  1772,  u  343,  H.  67  {  1794,  p.  1 ;  1787,  P.  267 :  on  the  Theory  of 

Jupiter  an^  Satam,  VbM.  1785,  p.  83;  1786,  p.  201.  Lagrange  on  the  Seralar 
Vnriatioti?'  nf  tho  Nn  ],  s  and  Inclinationa,  ibid.  1771,  p.  H.  39  ;  17^0,  y.  IIS.', 
U.  38.  llioiiib  d«  Sejour,  Traitd  Analyt.  dea  Monveroena  Apuareua  Corps 
Cflaatea,  tiwJa.  4te.  Bttia,  l786-»>  an  fhe  IVm  Anonafyll.  A*  PMr.  U8», 
iii.  302.  Cousin,  Ast,  Physique,  4to,  1797,  Schubert  on  the  Obliquity  of  the 
Ecliptic,  ibid.  1792,  x.  433.  Gauss,  Tlieoria  Motus  Curporum  Cteletitum,  4to, 
Haonb.  1809.  Ffana,  Memoin  on  Caeffl  tiHic  gnat  Inequality  of  Jupiter  and 
Saturn,  4to,  Turin,  1826-28-29-32.  Throne  de  k  MouTement  de  la  Lnne,  S  vols. 
4to,  Turin,  1832.  Aiiy'a  Tracts,  Camb.  1831.  Cauchy,  Sur  U  M6c.  Cel.  4to, 
JMMoff.  Lobboek  on  Hm  Tbrnrf  of  tlie  Moon  and  Ferliirbationa  of  tiie  Planets, 
1833-r;.    lT:\risr„,  Theoria  Motus  Lunn-,  t'o.  H.-thii 

The  number  of  naayi  on  this  sal^)ect  is  so  very  srei^  and  they  are  scattered  so 
wlddy  ovw  the  s«iffiu»  of  aU  die  tnuMsetioaa  of  IIm 

we  can  do  no  more  than  direct  the  reader  to  c<in9ult  their  paj^es  Tic  will  find  many 
valuable  memoira  in  the  introductum  to  the  different  obaenratious :  in  the  £tfemerides 
«r  Cesaria,  HeQ,  &c. ;  fai  SfbiiBiathart  Astronomle  Nachriabten ;  In  Cralle'a  and 
other  Jounials.  TIjc  standard  works  arc  Newton's  Principin,  and  the  trr  iti-rs  given 
under  Lect.  II.  at  the  foot  of  p.  20.  The  subject  is  treated  popularly  in  Airy's  Gra- 
vitation, ISmo,  1834. 


LECTURE  XLIV. 


ON  TUB  AFPEAEANCES  OF  TUE  CELESTIAL  BODIE8. 

Wk  an  ttttctto  prooeed  taemiliie  the  MiuifaledfiMto  prodMe^  by  ilMM* 
motions  which  we  have  fint  eoraideied  in  iheip  npleel  tlete,  and  after* 
waids  wHh  regard  te  their  eansee  and  their  hwe.  Hmy  authors  hama 
chosen  mther  t<j  pursue  a  contrary  method,  and  have  attempted  t-o  imit^ite 
the  original  and  jn^dual  development  of  the  primitive  niotin?)s  from  their 
apparent  effects.  But  no  coiicepti()n  is  sufficiently  clear,  and  no  memory 
Bufficiently  strong,  t^»  comprehend  and  retein  all  these  diversified  appear- 
ances with  accuracy  and  iaciiity,  unletis  assisted  by  some  previous  idea  of 
the  leel  chuigee  ^rhklk  prndnee  them,  or  bj  •onw  tempomry  hypotheaii 
leepeeling  them,  which  mnj  have  beoi  of  nee  in  its  d^  Ibr  ti»  better 
conneetiea  ef  Oe  phenomena,  although  H  does  not  at  pernint  demrte  to 
be  employed  for  a  ebnilar  purpose,  in  ]) reference  to  atmpier  and  better 
tbeorieis  which  happen  to  be  hiatoricaUy  of  a  kiter  dale. 
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The  proper  motions  of  the  fixed  stars,  afi  tliey  are  subjected  to  crcnr 
ob»€rv!ition,  undorj^  two  modiii cations ;  the  one  from  tlie  rclntivc  riirfc- 
tion  of  the  motion,  hy  which  it  may  he  more  or  lejis  concealed  from  <>uv 
view  ;  the  other  from  the  proper  motion  of  the  snn,  and  the  planets  attci.  I- 
ing  liim.  This  motion  has  incU'cd  only  hcen  inferred  from  the  appare  nt 
niution»  of  a  great  uuiuber  of  stars,  which  are  cither  partly  or  tola  iy 
reHexrible  to  ii,  and  wludi  could  seaicely  hare  agreed  m>  conecUjr  as  the/ 
do^  if  they  had  ariten  from  tha  veal  and  separate  motion  of  each  star. 

Among'  the  motione  of  the  primaxy  planet^  thai  of  the  earth  itadf 
nqniive  a  principal  ehara  of  our  attention.  The  apparent  places  of  the 
fixed  stars  are  not  eennUj  affected  by  the  eaith*e  annual  nvolution :  if 
any  of  them  had  been  conddenbly  bee  remote  than  they  are,  it  is  probable 
that  tliis  motion  would  have  occanoned  a  sensible  annual  parallax,  or  a 
chanj^  of  their  relative  situation,  acenrding  to  the  earth's  place  in  its  orbit 
ronnd  the  «»nn  ;  for  if  this  orbit,  viewed  from  any  of  the  stars,  subtended  an 
angle  even  of  a  8int,'ie  second,  the  place  of  that  star  mi;,'ht  he  oliserved  to 
%ary  a  second  at  different  times  of  the  year.    Dr.  liuuke  supposed  at  one 
time  that  he  had  discovered  such  a  puniliax,  but  later  observations  have 
not  confirmed  those  of  Dr.  Ilooke.  The  stars  Iiave,  however,  a  small  abeixa- 
tion,  in  eonaequenoe  of  the  progresaire  motion  of  the  eaitii  in  ita  or1nt» 
eombined  with  the  Ifanited  Telocity  of  light ;  and  the  alandaid  of  eom> 
parieon  being  the  earth's  axia^  ita  nutation  mnet  also  in  some  degree  alleet 
the  appaient  places  of  the  stsie.  It  waa  in  endeaTonring  to  ascertain  the 
annual  parallax,  that  Dr.  Bradley  diaeovered  both  the  aberration  of  light 
and  the  nutation  of  the  earth's  axis. 

The  revolution  of  the  earth,  in  its  orbit  ronnd  the  sun,  produces  the 
apparent  motion  of  the  sun  amono;  the  stars,  by  which  he  describes  his 
annnal  path  in  the  ecliptic,  with  an  apparent  antrnlfir  velocity  eqnal  tn  the 
angular  velocity  of  Uie  earth,  which  varies  considerably  nt  various  timers. 
It  required  some  investigtition  of  the  macrnitndes  and  dislaiuts  of  tJie  lua- 
venly  bodies,  to  be  convinced  ttiat  liie  sun  and  stars  had  not  in  reality  the 
motion  which  a  superficial  inspection  of  the  heavens  would  naturally  lead 
a  speetstoir  to  attribute  to  them ;  but  it  is  at  present  perfectly  unneeeeBaiy 
to  enter  Into  aignments  to  prove  that  the  ^e  cause  of  these  apparent 
motions  is  the  real  motion  of  the  earth.  The  effect  of  the  earth's  annual 
lefvliition  is  the  diange of  plaee  of  the  sun  among  the. fixed  etaia:  it  is 
obvious  that  tlie  sun  will  always  appear,  when  viewed  from  the  earth,  in 
a  plaee  diametrically  opposite  to  that  in  which  the  earth  would  appear,  if 
seen  from  the  mn  :  consequently,  since  the  earth  and  sun  remain  in  the 
same  plane,  the  apparent  path  of  the  sun  will  mark  the  same  circle  among 
the  stars  as  the  earth  would  a])pear  to  descrihe,  if  viewed  frt^m  the  s«n, 
that  is,  the  ecliptic.    If  the  light  of  the  stars  were  much  stron:,'er,  or  that 
of  the  aun  much  weaker,  we  might  see  him  pass  by  the  stars  in  each  part 
of  the  ecIipUt^  as  we  do  the  moon ;  but  we  a^e  now  obliged  to  observe 
what  Stan  aM  In  toni  diametrically  opposite  to  the  wan,  or  at  certain  dis- 
taneea  from  him,  and  thua  we  obtain  a  eonect  knowledge  of  his  patiu 

The  snn's  apparent  diameter  is  laigsr  by  one  thirtieth  in  January  than 
in  Jane ;  of  course  the  eaith  is  so  much  nearer  to  the  sun  in  winttt  thsa 


Digitized  by  Google 


APPEARANCEii  OF  THE  CELESTIAL  BODIES. 


417 


in  smnmer ;  and  wnoe  the  revolving  radius  of  the  earth's  orbit  dcscril>e« 
equal  areas  in  equal  times,  the  nn»ju]ar  motion  must  increase  as  the  square 
of  the  distance  diminlshe'^,  oi-  aliuut  twice  as  fast  m  the  distance  itself 
diminishes  ;  so  that  the  wliule  variation  of  the  apparent  diurnal  motion  of 
the  sun  is  one  fifteenth  of  his  mean  motion  :  hence,  the  sun  passes  through 
the  winter  half  of  the  ecliptic  in  a  time  7  or  §  days  shorter  than  the  summer 
half.  According  to  th«diffb«nt8ilviti<»a  of  tl»«avli^  with  nepeettQ^ 
plane  of  liia  rail's  equator,  hia  xotatbii  on  Ilia  aada  canaea  the  patha  of  hia 
spota  to  aarame  difieniit  fonna;  whan  fbo  aarth  ia  in  that  plane^  the  patha 
appear  aftnis^  bat  In  all  other  ritnatiooa,  elliptioaL 

The  rotation  of  the  eaith  on  ita  axia  producee  the  atOl  more  ohviooa 
▼ieiesitades  of  day  and  rdf^ ;  and»  in  combination  with  iti  aannal  motion, 
occasions  the  change  of  seasona.  Since  the  axis  remains  always  parallel 
to  itself,  and  is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of  ahoiit 
the  plane  of  the  equator,  which  is  perpendirnlnr  to  the  axis,  must 
pass  twice  in  the  year  through  the  sun.  Wiieu  tliis  liappens,  the  limit  of 
illumination,  or  the  cirrle  which  He])Hrate8  the  dariv  j>ortion  of  the  earth 
from  the  enlighten L  I  i^'ui,  will  then  piisa  through  the  poles;  and  as  the 
earth  turns  on  ila  uxib,  eodi  point  of  it«  surface  must  remain  for  an  equal 
length  of  time  in  light  and  in  dailmeaBi  Huioft  the  pointa  of  tiia  adiptic, 
in  which  the  tun  ia  aitoated  at  raeh  timee,  are  called  the  equinoctial  poxnta. 
At  all  other  times,  one  pole  of  the  earth  ia  in  the  l|ght»  and  the  other  in  tho 
ahadow;  and  all  the  pointa  of  the  earth  naarwt  to  the  illominatad  pole  have 
their  day  longer  than  their  night»  wliik  the  paita  on  the  oppoaite  side  of 
the  equator,  which  are  conseqnentlj  nearer  to  Uie  unenlightened  pole^  hare 
tl^ir  day  Shorter.  The  parte  nearest  to  the  polee  hare  also  one  of  their 
days  and  one  of  their  nights  protracted  to  a  period  of  severftl  common 
days,  or  even  months,  whenever  they  revolve  entirely  within  the  limit  of 
illumination.  -(Pkte  XXXIV.  Fig.  489.) 

The  sun  appears  to  describe  every  day  a  circle  in  the  heavens,  more  or 
less  distant  from  the  plane  of  the  equator,  according  to  the  actual  hituation 
of  the  earth's  axis ;  this  distance  being  always  the  same  as  that  of  the 
polea  from  tlie  Umit  of  iUnmination,  and  never  exoeeding  23|^  ;  ao  that 
by  detannining  the  ann*a  path  at  the  time  of  the  equinoxes,  or  tiia  apparent 
pkoe  of  the  aqnInoGtlal  in  the  haaveni^  for  any  given  point  on  the  earth'a 
anilaoe^  we  may  rapwaani  the  ann*a  path  at  any  other  time  by  a  amaller 
drde  paiallei  to  it,  SptiJdag  hornvnt^  more  correctly,  the  aBn*8  apparent 
path  is  a  apiral,  fanned  by  the  continnation  of  theea  anppoaad  ciidea  into 
each  other* 

The  eflfect  of  the  centrifugal  force,  derived  from  the  earth's  rotation,  is 
perceptible  at  the  e<|uat<)r,  in  the  retardation  of  the  vibrations  of  pendu- 
lums. The  whole  centrifugal  force  at  the  equator  is  found  by  computation, 
to  be  of  the  force  of  gravity  ;  hut  the  diminution  of  the  force  of  gravi- 
tation appears,  by  experiments  on  pendulums,  to  be  -rf»  »  ^^^^  dimiiiution 
being  the  sum  of  the  centrifugal  force,  and  of  the  decrease  of  gravity  on 
acoooBt  of  the  oblate  igma  of  the  earth,  tiie  equatorial  parte  being  furthef 
removed  fnm  ita  centre^  and  the  foroe  of  gravity  being  less  powwlbl  there. 
Tlie  changea  of  inclination  in  tlie  earth'a  axia  are  obaervable  in  the  plaoea 
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of  tbt  •qolDoetud  poinU,  and  in  the  utoation  of  the  plane  of  the  euth*t 
•qnstor  with  rmptti  to  flto  fiased  alaio ;  and  the  Noakr  dbnimitloa  of  tfao 
oUiqiiiiy  of  the  odiptki  b  diooovwiUo  lij  »  oonpoiiaon  of  dutont  oIm^ 
▼atbns  on  the  mm't  apparent  motion,  and  oa  the  placea  of  the  fixed  etan 

with  respect  to  the  ecMptic. 

For  the  phenomenA  of  twilight,  we  are  principally  indebted  to  the  li,i?ht 
reflorted  by  the  »tmosj>l\ere  ;  when  the  sun  in  at  a  certain  distance  only 
hfltiw  the  horizon,  he  shines  on  some  part  of  the  air  immediately  visible 
to  us,  which  affords  us  a  portion  of  reflected  Hirht,  The  distance  at  which 
this  may  happen,  has  been  variously  estimated,  and  it  i»  ptriiaps  actually 
diffwttit  in  dillimiit  dlmate^  lefaiff  «  fitdo  gretler  m  ooimteiM  aeor  the 
polii  thoa  in  tboto  ^HUeh  aio  nMitr  the  equator ;  Qun  is  tlio  wwtiMiee 
n  aeeoiidaiy  twilifl^t,  when  the  parte  of  the  aftmoephefe^  whieh  nlieot  a 
£iini]%fat  oa  the  eerth,  are  tl^mselves  indebted  for  this  li^ht  to  an  earlier 
Inaction.  Some  have  assigned  18*  as  the  limit  of  twilight  and  on  this 
8iipj>osition,  allowing  for  refraction,  the  atmosphere  must  he  capable  of 
retitt  tiiii;  sensible  litrht  at  the  height  of  about  40  mile«.  Mr.  Lambert,*  on 
the  tuiitrary,  makes  the  limit  only  abont  6J*.  The  duration  of  twilight 
is  greater  or  less  as  the  son  moves  more  or  less  obliquely  with  respect  to 
the  horiaon  ;  it  is,  therefore,  shortest  near  the  time  of  the  equinoxes^  since 
the  eqainoolial  hittfeeeti  the  horiwia  kas  oUiquely  than  say  Umu  circJe 
pecaUeltoit  (Plate  XXXIV*  F%.  400^  401.) 

The  leTolatione  of  the  primaiy  planeli»  eomhined  with  that  of  the 
eaiiliy  necessarily  produce  the  varioni  nlatieoa,  in  which  tbey  are  cither 
in  ojipoHition  or  conjunction,  with  respect  to  each  other  or  to  the  sun,  and 
in  which  the  apparent  motion  i«»  direct  or  retrograde,  or  the  ydnnet  is  sta- 
tionary, according  to  the  directions  and  the  comparative  velocities  of  the 
real  motions.  If  tlie  earth  were  at  rest,  the  inferior  planets  would  appear 
to  be  stationary  when  tiity  are  at  the  gveaiest  elongation  or  angular  die- 
taaeelkom  the  san ;  hat,  oa  aeeoiiaft  ef  tte  eiliBel  of  tiie  earth'e  noHoa, 
Venae  is  etationaiy  at  aa  ekmgatka  of  aheai  28^,  while  her  gieateat 
eieagatbn  ie  hctwen  46*  and  48".  ThegrealaatelongatNaof  Memiy^ia 
each  revohitien,  ie  horn  2a|<*  to  174^  aceordh^  to  the  poaition  of  hia  oihit» 
which  is  very  eoeentrie.  All  tlieae  appearances  are  precisely  the  fame  as 
if  the  sxm  actimlly  revolved  round  the  earth,  and  the  planets  accompanied 
liim  in  his  oi  liii,  performing  at  the  same  time  thpir  several  r  volutinns 
round  him  ;  aiul  the  path  which  would  thus  be  described  in  the  lirn.\  riis, 
and  which  is  of  a  cydoidal  nature,  represents  correctly  the  true  positions 
of  tiie  plaaeta  witli  respect  to  the  earth.  The  apparent  angular  deviatmn 
from  the  eoKptio^  or  the  latitode  ef  the  planet,  ie  abo  greater  or  Icm, 
Boaerdu^rlr  m  tiu  eerth  ie  nMiar  or  laniotar  to  the  plaoa^  aa  wifl  ae 
according  to  the  iadiaatioa  of  Ha  orhit  and  ila  dtciaiiia  fnin  the  node. 
(Plate  XXXIV.  Fig.  4l»,..4d4.) 

The  various  appearances  of  the  illnminaied  discs,  especially  of  the  in- 
ferior plaaele^  aad  the  traaeite  of  theee  plaaete  over  the  ea%  depend  oa 

•  Hwtometria,  §  987.  S<"e  Ln  ailli  on  flip  Tyngth  of  Twiti^bt  at  the  Cape,  Hist. 
etMte.  1751,  p.  544,  H.  158.  Beismann,  Schwed.  AbhMid.  1760,  p.  237.  Opue. 
V.  331;  ri.l. 
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their  po&ttiutiH  in  their  orbits,  &nd  on  the  places  of  the  nodes,  with  respect 
to  the  earth.  Jupiter,  Saturn,  Mid  the  Geoigian  planet,  are  so  remote  in 
•ompaiiMO  of  Hm  Mith's  duitmm  from  tlw  wan,  thil  they  appear  ahray* 
ftiUgr  ilimiriimtoJ,  Yniiit  !■  briglitMi  at  an  aloogation  of  about  40P  horn 
tha  tiui,*  in  that  part  of  her  orbit  which  is  naanil  lo  the  oiilfa ;  iha  than 
appears  like  the  inoon  when  5  davi  old,  one  fourth  of  her  disc  being  iHa- 
minated ;  she  castn  a  shadow,  and  majr  aren  be  seen  in  the  day  time  in  our 
alimaten,  if  happoTiH  t<>  }»»•  far  enrweb  noHli  ;  a  rirrnmstance  which 
occurs  tjiioe  ill  altont  8  \  cais.  In  ordiT  tiiat  ttiere  may  l>e  a  transit  of 
VenuM  over  tliv  sun,  imi-  t  he  within  the  distance  of  1^°  of  her  mule  at 
tile  lime  of  cuuj unction,  otlicrwise  slie  will  paaa  eitlier  to  the  north  or  to 
Iha  aoolh  of  the  San,  instaad  of  being  imaudUatcly  ini^pooed  bffcwm 
hiaA  and  tba  auth. 

Tha  phaMsand  adipoM  of  tha  moon  an'  tuy  obrioosly  owiii^  lo  tha 
aame  causes  fl-  that  part  of  the  moon  o»ly,  on  whidi  tha  sun  ahfai«a,  bdait 
atnmgly  illuminated,  although  the  remaining  part  is  faintly  vUihle,  by 
means  of  the  light  reflected  on  it  from  the  earth ;  it  is,  therefore,  most 
easily  seen  near  tlic  tvmo  of  the  lunv  moon,  wIh  ii  the  trrpatcst  jiart  of  the 
earth's  8urf<L(  t  turned  U)v\  ;iri]s  ttiu  moon  is  illunsi n;it*'d.  Tlie  parts  of  thi» 
moon  whieli  are  innnediukly  oppose<i  t«i  the  earth,  appear  to  undargo  a 
libration,  or  change  of  situation,  of  two  kin(l»«,  each  amounting  to  about 
7  degrees ;  tha  ona  arising  from  the  inaquality  of  the  moan's  TaMty  fai 
her  oihit  at  different  timea»  the  other  from  tha  inelbMitien  of  the  axis  of 
bar  rotation  to  her  orbit;  beildea  these  changae,  the  dlumal  rotation  of  tha 
earth  may  produce,  to  a  spectator  sitoated  on  eome  parts  of  it»  ft  third 
kind  of  ^ntioQ,  or  a  cliange  of  almoet  two  d^p»ees  in  th«>  appearanee  of 
the  moon  at  her  risinp:  and  setthi;,',    (Plate  XXXIV.  Fig.  405.) 

When  the  nr»in  pasws  the  r  liijunction,  or  hecoiiu>s  new,  near  to  the 
node,  &he  eciipHen  the  sun,  and  >\  hen  she  is  full,  or  in  o[»jM»>ition  in  similar 
circumiitauccsi,  she  herself  enters  the  earth's  shadow.  Tlie  earth's  shadow 
conaists  of  two  parts,  the  true  shadow,  witliin  which  none  of  the  sun's 
sniMa  ie  tMble,  and  the  pemnbrsy  wUch  la  deprived  of  *  part  only  of 
the  sm^a  light ;  the  true  shadow  ft>ima  a  e<me  termlnaUng  in  a  point  at  a 
Utile  more  than  8|  times  the  mean  distance  of  the  moon ;  the  pemimbray 
on  the  eontraiy,  oonatituteB,  together  with  the  shadow,  a  portion  of  a  cone 
diverging  from  the  earth  witliout  limit ;  but  the  only  effect  of  this  imper- 
fect shadow  is,  that  it  causes  the  beginning;  of  a  lunar  eclipse  to  he  incapa- 
ble of  very  precif*r  <lrtpnnination  :  for  the  limit  of  the  darkened  part  of 
thi  moon,  as  it  in  the  progress  of  the  ecli|>8e,  is  that  of  tlie  true 

sh*iUuw,  very  little  enlarged  by  the  penumbra.  The  true  shadow,  where 
the  moon  crosees  it,  is  about  80  minutes  In  diameter,  as  seen  from  the 
eatih,  whila  the  moon  hefsdf  is  only  80.  This  shadow  Is  not,  however, 
whon  J  deprived  of  the  sun'e  light ;  for  the  atmoepbarle  refraction  hifleets 
the  li^t  passing  nearest  to  tfie  earth,  in  an  angle  of  nu»iteB,aiideansea 
ft  great  part  of  tha  shadow  to  be  filled  with  light  of  a  mddy  huc^  by  means 

•  HaUer,  Fh.  Tr.  1716,  p.  466.  Kies,  Hist,  et  Mem.  do  BcrHa,  17H  218. 
t  KitstaerootbeFhssssor  the  Moon,  Com.  Gott.  1780,  tti.  M.  1. 
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«f  widiih  flit  nMB  nmaiiu  0tUl  yitUiIa  to  ua,  the  cone  of  total  dArkneas 
extending  to  iomewhat  lets  than  two  thirdi  of  tlie  moon's  dictanm.  But 
it  has  ioinettmea  happened,  pnbably  fimn  the  eflbct  of  donde  oecnp^ring 
the  greatest  part  of  onr  atmoephen^  tiiai  the  moon  hae  totally  diMppeiwed. 

(Plate  XXXIV.  Fig.  496.) 

Wlien  the  mn  is  eclipse<l,  it  depends  on  the  situations  of  the  earth  and 
moon  in  tlieir  nrhits,  whctlicr  the  sun  or  moon  suht-cnil'?  the  i^TTate»^t  anglt* 
as  seen  from  tin  enrth  •  Hince  at  their  mean  distanct':*  their  apparent  dia- 
meters are  each  about  half  a  degree.  If  the  sun's  apparent  diameter  is  the 
greater,  the  eclipse,  when  the  centres  coincide,  must  be  annular,  the  margin 
of  tiie  eon'a  diie  heing  stitt  TbiUe  fai  the  form  of  a  ring :  when  the  moooTa 
appaient  dhmuier  ie  grater  than  tfaeenn*ei»  the  eelipee^  if  oential^  beeomcs 
total ;  bnt  still  a  ring  of  pale  light  ia  seen  roond  the  diie^*  friiieh  haa  hen 
attributed  to  Uie  effi»ct  of  the  sun's  atmo^lwn^  ainee  that  of  the  moon  w 
probably  too  inconsiderable  to  produce  the  appearance ;  a  red  streak  t  is 
also  sometimes  observed  at  the  manjin,  before  the  actual  emersion  of  tbp 
sun.  The  K  Lri  ee  of  darkness  depends  on  the  situation  of  the  place  of  obser- 
sation  \\  itliin  the  shadow,  on  account  of  the  greater  or  iem  illumination  of 
the  atmosphere  within  view :  sometimes  a  considerable  number  of  stars 
may  he  eeen  doling  atotal  eolipee  of  the  nn. 

It  is  ohyions  fha>t|  ebee  the  earth  is  mneh  larger  than  the  moooy  the 
whole  shadow  of  the  moan  will  onlypaee  over  •  part  of  the  earth's  soiliMe; 
and  that  no  aolar  eolipee  oan  be  vbible  in  the  whole  of  the  hemisphere 
turned  to  the  sun :  while  hmar  eclipses,  on  the  contrary,  present  the  same 
appearance  wherever  the  moon  is  visible.  In  the  same  manner,  to  a  spec- 
tator on  the  mmm,  nn  eclipse  of  the  earth,  oru  transit  of  the moon*s  shadow 
over  tlie  earth's  disc,  would  have  nearly  the  same  iippearaiK  C  wherever  he 
might  be  stationed  ;  but  an  eclipse  of  Uie  sun  hy  the  earth  would  be  total 
to  fliat  part  of  the  moon's  mrfaoe  only,  which  to  us  app^urs  dark  at  the 
same  time.  (FhteXXXIT.  Fig.407...4fl9.) 

The  moon's  nodes  arnre  very  nearly  at  the  same  sitnation  with  reapeet 
to  the  earth  after 228  Uuation%  or  leToliitions  of  the  moon,  which  am  psr- 
formed  in  18  years  of  3G5  days  each,  15  days,  7  hours,  and  43|  niwites  ; 
so  that  after  a  period  of  about  18  years,  the  series  of  eclipses  recommences 
nearly  in  the  warne  order.  This  circumstance  was  observed  by  the  anrientH, 
and  IS  un  ntidiu'ii  l:y  Ptolemy  and  by  Pliny.  When  the  full  moon  happens 
witiiiu  7^*^  of  tlu  nnile,  there  must  a  lunar  eclipse  and  there  may  be  an 
eclipse  at  the  distance  of  13**  from  the  node.  An  eclipse  of  the  sun  may 
happen  when  the  moon  changes,  or  comes  into  conjunction  with  tfie  eon* 
at  any  distanm  within  17i^  of  the  node.  The  mean  nnmher  of  edipeee 
which  oeeqr  in  a  year  is  ahont  4;  and  there  an  sometimes  as  many  aa  7 : 
there  must  nseesrsrily  he  two  solar  eclipses,  hut  it  is  possible  that  there  may 
not  be  even  one  lunar.  In  speaking  of  the  magnitude  of  the  part  of  the 
•nn  or  moon  edipsed,  it  is  usoal  to  consider  the  whole  diameter  aa  divided 

*  DuiWer,  Fh.  Tr.  1706,  p.  2241.   Halley,  ibid.  1715,  p.  245.   Ldilie^  Hist,  ct 
Mka.  \7\!>,  p.  161,  H.  47.    UUoa,  ibid.  1779.  p.  10ft. 
t  Ph.  Tr.  1706,  p.  2240 ;  1748,  p.  A90. 
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into  12  puii^  called  d^it^  each  of  wliicsh  mtiAn  80  inhmtwi ;  Ibiu  if  one 
«    fiHh  pwi  of  the  diimeter  wen  dark^  tlie  extent  of  the  eciUpee  would  be 
called  2  d^  12  minntee. 

The  moon  travels  through  the  heavens  with  a  motion  contrary  to  their 
apparent  diurnal  revolution.*  ITence  she  rises  and  s^t",  on  sn  Rverfljrp,  about 
three  quarters  of  an  hour  later  every  Hay.  The  least  posssible  iii(lVrenrp 
between  the  times  of  the  m(M>n's  rising  on  two  successive  days,  is,  in  Lon- 
don, 17  minutes ;  and  this  circumstance  occurs  once  in  about  19  years, 
irfikliiB  nearij  the  period  of  tiie  moon'e  nodee  wifli  nepeet  to  the  heaTone: 
tlie  giesteot  poadble  dilleienoe  is  1  hour  17  ndnntee.  But  it  happens  eveiy 
month  that  the  dliSwence  beeonkee  greater  and  kai  bjtons,  and  when  the 
leaatdUfennce  is  at  the  time  of  the  lull  moon,  it  is  vsoally  called  the  bar* 
vest  moon.  In  parts  neaier  to  the  polei^  the  moon  often  rifles  at  the  same 
hour  on  two  succeedinp^  days. 

The  eclipses  of  the  satellites  of  Jupiter  exhibit  appoarances  e>itn  mely  in- 
teresting for  their  utility  in  identifying  the  samt'  instant  tif  tiuie  In  different 
places.*  On  account  of  the  small  inclination  of  their  orbiU*  to  the  plane  of 
Jupiter's  orbit,  the  first  three  never  pass  the  shadow  without  being  plunged 
into  it,  and  the  fomrth  bat  seldom ;  while  tlioes  of  Satoin  are  mndtlsss 
frequently  liable  to  be  eciipoed,  on  accovnt  irf  their  greater  deriation  from 
the  plane  of  his  ecliptic.  These  satellites  are  also  Are^nently  hidden  be* 
hind  the  body  of  the  planet,  and  this  dreunstance  constitutes  an  occul- 
tation  :  hence  it  happens  that  we  can  never  see  both  the  immersion  of  the 
first  «Rtell5tp  into  the  ?^hadow  of  Jupiter,  and  its  eniersion  from  it ;  hut 
both  the  immersion  and  emersion  of  the  tln  cf'  outer  satellites  are  sometimes 
ol^rvable.  The  ring  of  Saturn  exhibits  a  variety  of  forms  according  to 
its  angular  position :  it  disappears  to  common  observation  when  either  its 
e^go  or  its  dark  side  is  pieeented  to  ns :  but  to  Dr.  Heisehd^s  telescopes  it 
nem  becomes  tnTiaible;  the  light  reflected  from  the  planei  being  probablty 
soffident  for  illnminatingin  some  measure  tlie  sids  not  exposed  to  the  son's 
direct  rays. 

The  comets  are  seen  for  a  short  time^  and  an  again  lost  to  our  view  ; 

their  tails  are  in  general  nituated  in  the  planes  of  thoir  orbits,  following 
them  in  their  descent  towar<l^^  the  «'nn,  nrn]  prereilinL!:  tlu  rn  iu  their  ascent, 
with  a  slight  degree  of  cm  \  atin  *  in  tlu  ir  fomis ;  tluy  must  also  appear  to 
us  more  or  leea  arched,  and  of  difterent  extent,  according  to  their  distances, 
and  to  the  angular  position  of  the  orbits  wi^  rei^eet  to  the  ediptic 

Tlie  proportion  of  the  light  aflbrded  by  the  diffBreot  heavenly  bodies  has 
been  farioiisly  eetimated  by  Tarions  anthora ;  bnt  there  is  littie  resson  to 
call  in  question  the  accuracy  of  the  expmments  and  calcniaticns  of  Kr. 
Bouguer.  He  states  the  inten«!ity  of  the  moon*s  light  as  only  one  time 
hundred  thonsandth  of  that  of  the  f^im.  These  calculations  have  been  en- 
tpnthnl  by  p^uler  and  bv  Lambert  ;  Fulort  eonfi'lers  the  direct  lisht  of  the 
aun  as  equal  to  that  of  (5560  candles  of  a  niodti  ato  ^i/.v,  su]i|><)sed  to  }>e 
placed  at  Uie  distance  of  1  foot  from  the  object :  tliat  of  the  juoou  to  the 

*  Wargetitin,  A  New  >!cthodofdelerinhiiiig  the  Longitude  fifom  the  £d.ofJnp. 
Sat.  Fh.Tr.l766,  p.  278. 
t  Hiit.  et  M4m.  4e  BcrliB,  17S0,  p.  280. 
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•fclof  lcaiid]A»attlMdMaiioeor7|feil;  «li«]i|^of  Vcan»t»  ft  etiiAt 

«i    1  feet,  and  of  Japiter  to  a  candle  at  1090  fe«t ;  so  tluA  the  nm  would  • 
aupcnr  as  bright  only  as  Jupiter  if  he  were  removed  to  a  distance  IHl  thoii> 
iwnd  times  as  prent  as  lii.s  presont  «Hstanoe.    (Plnte  XXXTV.  Fijf.  5(X).) 

When  we  reflect  on  the  niajifniticeiice  of  the  (  at  ]>it  turo  <■•>{  the  univerne, 
the  outlines  of  which  we  liave  l)een  considerinj^,  wt  are  lost  in  the  contem- 
plation of  the  iromenaiiy  of  the  prospect,  and  returning  to  Uie  coiaparativeiy 
diminutive  proportfoos  of  oorlndividiiil  penonsy  and  of  all  Hit  objecti  witli 
wU«h  we  ate  moat  fmBediataly  eonnaotad,  we  aaiiiMi  Iwlp  ftalinf  our  own 
inaigiiifieaiioa  in  <lia  malarial  iPorld«  Tlia  mind,  notwitlMitanding,  andaa- 
vours  to  raise  itself  above  the  restraints  which  nattua  has  imposed  on  Urn 
body,  and  to  penetrate  the  abysn  uf  ES])ace  in  search  of  congenial  existences. 
But  in  speculations  of  tills  kind,  reason  and  argument  'must  give  way  to 
conjecture  and  imagination  ;  and  tlius,  from  natural  philosophy,  our  ima- 
jL^inationH  wander  into  tlie  regiujis  of  jioetry  ;  and  it  mast  ha  cuufcHsed  that 
the  nnioii  of  poetical  embeliiiihmeut  wiili  natural  pluiodophy  is  seldom  very 
liappy.  A  poet  Iiaa  hw  ftixia  to  edamiiinicate»  and  tiMaa  lia  wiiliaa  to 
expand  and  diTanify ;  lie  dweUa  on  a  fimmiite  idea,  and  rapeata  it  In  a 
tiwuwMid  embltmatiqj  fovma ;  liia  otjaot  ia  to  aay  a  littl^  vezy  deganlly^ 
in  very  cireuitous,  and  somewhat  obaeoie  tanu.  Bat  tlie  InfonBoatioa, 
whiuh  the  natural  philosopher  has  td  impart,  is  too  copious  lo  allow  of  pro- 
lixity in  its  detail ;  liis  subjects  arc  too  intH<'ate  to  be  compatible  with 
diirre?5sion8  after  amusement,  which,  besides  intei  ruptimr,  are  too  likely  to 
enei  vato  the  mind  ;  and  if  he  is  ever  fortunate  enongli  to  entertain,  it 
must  be  by  gratifying  the  love  of  truth,  and  sati^ifying  Uie  thirst  after 
knowledge.  We  hav^  however,  a  favourable  specimen  of  liighly  oma- 
mentfd  pluloaophyin  FontaneUePa  Plurality  ci  Worlds;*  a  workwiiidi 
mnat  be  allowed  to  contey  |nqd|  Inlbnaatiott  in  a  vaiy  intnmting  fonn, 
aithoagh  lomev^t  tinotnied  with  a  oertein  frivolity  wbich  ia  noi  alwaya 
agiaeable.  We  need  not  attempt  to  accompany  all  tim  flightaof  FenAa^ 
iielle*s  imagination  ;  it  wUl  be  sufficient  for  our  purpose  to  pursue  his 
idea.s  in  a  simple  enumeration  of  the  most  remarkable  piMaomeaa,  that 
would  occur  io  a  spectator  placed  on  each  of  the  planets. 

Of  Mercury  we  know  little  except  the  length  of  his  year,  which  is 
shorter  tiiau  three  of  our  moutiis.  Supposing  uii  uur  iicut  to  como  from 
the  aan,  it  ia  probable  iliat  the  mean  litat  en  Hermuy  ia  alwva  that  of 
iMiling  quickaiiver  $  and  ii  ia  aoarcely  poeriUe  that  then  dbrndd  ba  any 
point  about  lua  pdea  wlMta  water  inM  not  boiL  The  aaa'a  diamiifffr 
would  appear,  if  viewed  from  lfafOBfy»  meet  than  twioe  aa  .gteat  aa  to  na 
on  the  earth. 

Venus  must  have  a  climate  far  more  temperate  than  Mercurj-,  yet  mxich 
too  torrid  for  the  existence  of  animals  or  vegetables,  except  in  xome  cir- 
tum|)<ilar  jiarti? ;  lu  i  nir^trnitude  and  diurnal  rotation  differ  but  little  fruin 
those  of  tlie  earth,  and  iar  year  is  only  one  third  shorter  :  so  that  her  sea- 
aonS|  and  her  day  and  night,  must  greatly  resemble  oun.  'The  earth,  when 
in  oppoaition  to  the  oun,  mnet  be  about  four  times  as  bright  aa  Venue  ever 
appears  to  ua^  and  must,  therefor^  always  cast  a  shadow ;  it  must  lie  fre- 

«  Itoo,  1686;  psr  Ldaade,  1800. 
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qomlly,  aad  pmbmf§  gmflall j»  fiiiliie  in  tin  digr  i  •ad  kigiUMr  wtth  tht 
mooi^  nit  aaibilai  ft  TMj  iateNi^  Thtatawplmttf  Ycnasis 

•nppofled  to  be  nearly  liktt  our  own,  or  tMBCwhat  more  rwa« 

The  inliabitonts  of  the  moon,  if  the  moon  is  inhabited,  mtut  be  capable 
of  livinq^  with  very  little  air,  and  leas  water  :  there  is  reason  to  think  their 
atmospliere  less  than  a  mile  high,  and  it  is  nwer  clouded  :  so  that  the  sun 
inu8t  shine  without  int^^rmission  for  a  wlK)le  fortnig-ht  on  the  same  spot, 
without  haviDg  his  heat  mo<!riati,ti  liy  tlie  iiiterjiosiLiiDi  of  air,  or  by  the 
evapufation  of  moisture.  The  w^nt  of  water  in  the  iii  m  ii  is  not,  as  some 
have  suppus>eU,  tiie  necessary  couse«[ueiict;  of  the  w  aat  of  au  atmosphere ; 
Ivni  it  Sa  inferred  pexUy  from  the  total  absence  of  clouds^  and  partly  from  the 
irregular  appeenafle  of  ihe  maigiii  of  file  »mmi»  m  warn  in  •  iobr  ccUpee: 
no  poit  of  it  baiq^iermiiwted  by  a  Ime  mflMkotlj  ngolar  te  aUow  iu  to 
•iippoeelttbeiiiifiMeof  aftiid.  TheeftvthiniiBtalwftyei^peftrtQ 
iiMxIy  the  aeiiw  port  of  tbe  ikjy  or  lelliir  to  diieribe  A  naU  oTil 
*  poTttente  point,  exposing  a  surface  13  times  as  great  as  that  of  the  moon 
appears  to  us.  This  large  iufaoe,  suspended,  with  phases  continually 
changing,  like  those  of  the  moon,  must  afford,  especiidly  when  viewed  with 
a  telescope,  an  excellent  timepieee  ;  the  continents  and  seas  coming  gradu- 
ally  and  regularly  into  \  itnr,  und  affording  a  variety  equally  pleasint?  and 
useful.  To  us  such  a  timoj  iece  would  be  of  tn^timable  valiK,  .is  it  ^s  nuld 
aliord  ut»  an  easy  method  of  disc  overing  the  loncfitude  of  a  i>ia<.e,  iiv  i  i>m- 
pariug  its  moUou  with  the  solar  time :  but  iu  the  moon,  the  reialive 
portion  of  the  earth  and  sun,  or  of  the  earth  and  stars  only,  would  be 
•ullieieatfordetenninlogtlieflitiMiion  of  any  place  in  «gbt«f  theoeithi 
a,  bowever,  tinre  an  no  seee  and  no  neirigation,  aetnmonueal  obeermtione 
of  tfaie  kind  wvdd  be  of  feiy  little  ntilitj.  Tbe  OMbteBoe  of  tfao  eorth^a 
pheeee  in  tfaomeeaoieaent  of  time  adgfal^  bowmr,  edll  bo  Tuy  neefol  tw 
many  purpotH^  to  the  liduibitants  of  the  nearer  half  of  the  moon ;  and 
pvelMbly  the  lenoter  part  is  much  deserted,  for  in  their  long  night  of  hatf 
a  month,  they  must  be  extremely  in  want  of  the  Ugiit  leflected  from  the 
earth,  nnloMs  the  inhabitants  have  the  faculty  of  sleeping  through  the  whole 
of  their  dark  fortnight.  Thp  surface  of  the  mwn  Appears  to  he  very  rock}'^ 
and  barren,  and  liaM*  t<>  frc]iient  disturbanns  from  volcanos.  These 
hav  e  been  supposed  to  jtrujt  ct  iH>meof  their  contents  within  the  reach  of  the 
earth'8  at  I  rat  lion,  which  they  mi^ht  easily  do,  if  they  could  throw  them  out 
with  o  Telocity  of  about  dght  thousuid  feet  in  a  second,  which  is  only  four 
timee oe gnat  ae  tfcit  of  a oannon  bolls  and  tbeee  slonei^ liillliv  Huough 
the  atBioiflien,  might  rery  poiiibly  geaomte  ee  anwh  beat,  by  ooaipieMing 
tlw  air,  ea  to  oBHie  tbo  appeetanoe  of  fiaiy  meteon^  and  to  lall  in  a  Mb  of 
ignittoa.  The  appeannoe  of  the  moon,  ae  riewed  tluoogh  a  good  teleeoope^ 
is  extremely  well  imitated  bj  MrtBameFs  lunar  globe,  which  is  also  capa* 
Ue  of  oxMbitiiig,  with  gieet  eoBiiiaeyf  tbe  ohangee  pvodneed  1^  ite  libra- 
tions. 

Tlif"  climate  of  Mars  is  m  much  colder  than  ours,  as  that  of  VoniiB  is 
warmer  ;  in  other  respects  there  is  no  very  strikintf  differeiiL(  :  the  incli- 
nation of  his  axis  to  iiif>  ecliptic  l^ing  nearly  tht  saiii*  h.s  tluit  -  f  the  earth's 
axis,  the  changes  of  seasons  must  be  nearly  like  uur  own.   Or.  Uerschei 
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has  observed  u  constant  appearance  of  two  bright  spots  or  circles  near  the 
polet»  of  Mars,  whicli  he  attrihute«  to  the  ice  and  snow  perpetually  sur- 
rounding them.  It  is  not,  however,  probable  that  water  could  remain  fluid 
in  any  part  of  Mars,  and  even  quicksilver  and  alcohol  would,  perhaps,  be 
h9wea  in  his  tempentta  dimaitea.  It  is  pretty  certaiii  lint  Mim  has  wi 
fttnuMpberep  and  Us  dark  apota  aaean  to  ba  ooeaau»iad  hj  donda:  Ihia 
atmoapliara  nay,  pazliapa^  alao  ba  fha  oaoaa  of  tiia  ruddy  hna  of  1m 
light. 

It  appears  to  be  doubtful,  whether  either  of  the  three  little  plaMta  newly 
discovered  can  be  sufficiently  solid,  to  give  a  firm  footing  to  any  material 
beiiiiis  :  we  should  probably  weigh  only  a  few  pounds  each  if  transported 
tliere.  According  to  Dr.  Hcrschern  oj)iuion,  neither  Ceres  nor  Pallas  is 
much  largely  than  a  good  Scotch  eatate,  although  they  must,  i»omctimes, 
appear  to  each  other  aa  planata  of  a  moit  respectable  uze.  The  light 
raflaefead  from  Carea  k  of  a  mora  raddy  hua  than  that  of  FaUaa :  botfi  of 
lhaae  planata  are  attaodad  by  laora  or  laas  of  a  iiabnloaity»  prooaadiag,  per* 
hape,  from  oc^ioaa  atmoqihittoa ;  and  in  lUa  rsapee^aa  woU  aa  in  lha  great 
inelination  of  their  orbits,  they  appear  to  have  some  affinity  to  eometa. 
It  is  tolerably  certain  that  neither  of  them  ia  200  milaa  in  diamalar ;  and 
Juno  is  also  probably  abont  the  saJiie 

It  18  obvious  tbat  the  ino-it  striking  features  of  the  lu  avens,  when  con- 
templated froui  Jupilei,  ii%oult.l  be  the  diversified  positiuiKS  and  CituU  ina- 
tions  of  hia  satelliteti :  their  light  must  be  faiut,  but  yet  of  s^yice ;  and  to 
a  tKwaller  on  tho  anxfaoa  of  tliia  vast  globe  they  mnal  affnd  naeAd  iaibr^ 
mataon,  aa  well  with  reapcct  to  time  aa  to  place.  Ow  lifeUa  earth  mnat 
probably  ba  alwaya  inviaibla  to  a  ipaetator  aitnatad  on  Jupiter,  on  aeoount 
of  its  apparent  proximity  to  the  sun,  in  the  same  manner  as  a  planet  at 
half  the  distance  of  Mercury  would  be  inviaibla  to  us.  The  year  of  Jupiter 
imist  contain  nearly  ten  thonsaftd  of  hi»  days,  and  that  of  Saturn  almost 
thirty  thou!^and  Satumian  days.  Besides  the  vicissitudes  of  the  seven 
satellites  revolving  round  Saturn,  his  rinrr  must  afford,  in  different  ]iarts  of 
his  surface,  very  diversified  appearances  of  maguificeut  luminous  arches, 
stretched  across  the  heaTens,  especially  in  that  hamiqihera  whibh  b  on  dia 
aama  aide  of  the  ring  with  the  aon. 

From  the  Gooigian  planet  the  aon  mnat  ba  aeon  bnt  aa  a  little  atar,  not 
one  hundred  and  fiftieth  part  aa  bright  as  he  appears  to  us.  The  axis  of 
this  planet  being  fwobaUy  near  to  the  plane  of  its  ecliptic,  it  must  bo 
directed  twice  in  the  year  towards  the  sun,  and  the  limit  of  illumination 
must  approach  to  the  equator,  so  tbat  ahnnst  pyrry  pbice  his  surface 
miint  winetimes  remain,  for  a  great  nnriilior  of  diuriuil  re\  olutinii-.,  in  lij^ht 
and  in  daikatss  ;  the  most  moderate  climates  having  one  night,  in  their 
long  year,  equal  in  duration  at  least  to  several  of  our  yean :  and  it  must  ba 
confaaaed  that  thiaplanal  would  aflbrd  bnt  a  oamfoftlaaa  habitation  to  thoaa 
aeeoatomed  to  onr  aummer  anndiine,  oven  if  It  were  poaaible  to  ooloniae  it. 
(Plata  XXXIV.  FSg.  WL} 

On  the  whole,  we  are  tempted,  from  an  almoat  irresistible  analogy,  to  con- 
dnde  that  the  planela  are  all  in  some  manner  or  other  inhabited ;  but  at  tlie 
same  time  wo  ean  acazcaly  aappoaathata  single apoeiaa of  tarreatrialanimab 
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vr  evm  ngglabl—  oonld  eadrt  In  «d y  of  tiMm ;  tlnir  minfnli  maj,  pci^ 
haps,  ree^Ue  con,  and  if  the  stones  which  Mr.  Howaid  hu  analjied  are 
tmIIj  lunar  piodnctions,  we  haw  proofs  that  Aha  moon  at  least  contabu 
some  substances  resembling  those  which  oompose  the  earth ;  bat  the  seas 

ttiid  rivers  of  the  other  ]»lanei^  must  consist  of  80TT!e  fluir!  nnknown  t/>  us, 
Hince  almost  all  our  liquids  would  either  be  froaseo,  or  converted  intu 
▼apour,  in  any  of  them. 


lrct.  xliv.—additional  authorities. 

JAbratiom  qf  tAe  Moom. — Cantni,  Hist  et  Mem.  1721,  p.  ICS,  B.  53.  Laia&de,  ' 
Wd,  1764,  p.  555,  H.  112.   S^jour.  Md.  1776. 

Bcliptet. — HeveliiM,  Ph.  Tr.  i.  3G9 ;  2023.  LouTille's  Geometrical  Mode  of 
calculating  Edipses,  Hiit.  et  M^m.  1724,  p.  63,  H.  74.  Gersten's  Meth.  Fh.  Tr. 
1744,  p.  22.  Lalande  on  the  Effect  of  EUipticity,  Hist  et  Mem.  1756,  p.  364, 
H.  96  ;  1763,  p.  413.  Lambert,  Table  Ecliptiqne,  12mo,  Berlin,  1765.  BoscoYieh 
de  Solia  et  Lunee  Defectiboi,  4to,  Lond,  1760.  Jeiurnt  on  the  Projection  of  Eclipset, 
M6m.  des  Sav.  i:.tr.  ir.  p.  818.  Goudin,  M6m.  sur  lea  £cUi>aea  du  Soleil,  4to, 
1808.  Labboek,  Slenieutify  TVesklse  oa  Ibe  Compatatio a  of  Bdipseii  188ft. 


LECTURE  XLV. 


ON  PRACTICAL  ASTRONOMY. 

It  is  tjenerally  most  convenient  in  practira!  astronomy  to  neglect  the  real, 
and  to  consider  only  tlic  apparent  motions  of  tJie  sun,  the  stars,  and  planets, 
for  the  visible  etfects  must  he  prcci>»t^) y  the  sftme,  whether  the  sun  or  tlie 
earth  perform  a  revolution  in  the  plane  of  the  ecliptic,  and  whether  tlie 
eartli  actually  move  on  its  axis,  or  the  whole  of  the  celestial  bodies  move 
round  it  in  a  day.  W  e  may,  therefore,  suppose  the  sun  to  move,  as  he 
appeals  to  do,  fmok  west  to  east  in  the  ecliptic,  so  as  to  advaaoa  almost  a 
dsp«s  in  84  lumrsy  and  from  east  to  west»  togetlisr  with  all  tlii  stan  and 
planets^  BO  as  to  perfonn  a  whole  lefohUion  in  a  day.  Speaking  mors 
esfreotly,  the  son  appsais  to  deseribs^  in  vmry  sidenal  day,a  spiral,  which 
difibis  a  UtHe  from  a  dide,  and  is  also  alnAit  a  degree  ahofter,  sothaiabont 
four  minutes  more  are  required  for  the  return  of  the  son  to  the  same  part 
of  the  heavens,  and  the  completion  of  a  solar  day. 

In  order  to  determine  the  plac€  of  any  point  in  the  heavens,  it  is  usual  ta 
coTTip<\re  its  situation  either  with  the  [(lane  of  the  earth''^  e<nmtor,  or  with  the 
^{.itic  •  !t«  anHTiilar  distance  from  the  equator  l  ein^^  called  its  dechnation, 
and  from  the  ( dii'tic,  its  ktitude  ;  these  distances  must  he  measured  in 
plaiifcti  perpend  ieuhir  to  those  of  the  equator  or  ecliptic,  and  tlie  dibLaiices  of 
these  planes  from  their  uitersectioa,  or  from  the  equinoctial  point  in  Aries» 
are  called  respectively  the  right  ascension  and  the  longitude  of  the  point  to 
be  desoiibedi  For  the  staii^  tha  declination  and  right  ascension  are  moat 
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usually  laid  down  ;  but  v.ith  respect  to  the  mul  anJ  tlu'  jibinets,  performing 
tlieir  revolutioiui  in  or  uear  the  ediptic^  it  nxa&L  cuuveiiiuut  to  calculate 
tlieir  latitude  and  longitude. 

The  plane  paHbg  through  the  eerth'a  aade  find  the  plaeeef  *  ipeetetor  it 
the  plane  ol  the  neiidiaa  cf  that  place ;  and  a  plane  toncfaing  the  eartk 
in  anj  point  h  ili  horisao.  With  leapeet  to  the  appearances  of  ^the  fixid 
stars,  thie  jdane  may  be  oonsidered  as  posaing  thnrag^  the  earth'e  eenftia 
in  the  same  direction  :  and  the  difference  is  scarcely  sensible  with  respect 
to  tlie  sun  and  the  primary  planets ;  but  itt  oh«ervaii<>ns  of  the  moon's 
place,  tbeee  plaiwa  must  be  canfuliy  diakingukhed.  (^iatd  XXXV.  Fig. 
602.) 

Tile  iu^ti  uuients  requisite  for  astruuumical  observations  are  principally 
lefemble  to  geometrieal  cr  to  optical  apparatus,  or  to  tta  meaau  WMPt  o£ 
time.  Partiealar  conatroctione  and  oombinatiena  an^  however,  nceweaiy 
for  the  aeeonunodaiion  of  qnadxanta^  giadnated  eizele%  teieeeopei^  and 
tranait  ioabnunent^  to  tiie  vaea  of  observatories ;  and  astronomical  obeervn- 
lions  are  aa  necessary  to  the  correct  determination  of  timc^  ae  artificial 
timekeepers  are  useful  for  otlier  astronomical  purposes. 

Tlie  most  accurate  f?tandard  of  tiuie  is  the  dinrnal  rotation  of  the  earth 
oil  its  axis,  m  ascertained  by  its  situatiou  with  icspcct  to  the  fixed  stars. 
Tile  tiuie  elapsing  between  two  succetisive  pussages  of  any  sur  over  the 
same  meridiim,  wUch  consdtates  a  sider^l  day,  may  be  meaaured  wHh 
great  prcdaion ;  and  the  itar  may  for  this  puipoae  beobeerved,  with  almoat 
equal  accuracy,  in  any  other  atuation,  and  aometimee  with  greater  eon- 
venience.  The  length  of  the  sidereal  day  may  be  considered  as  perfectly 
constant,  the  inequalities  arising  from  the  aberration  of  light,  and  from 
the  nutation  of  the  earth's  axis,  being  too  small  to  be  easily  discovered  ; 
but  the  correction  for  the  aberration  may  be  applied  when  it  upcfi^- 
uary.  For  observations  of  tliis  kind,  it  is  usual  to  have  a  clock  i-ijusti  d 
to  sidereal  time,  which  not  only  admits  of  a  more  ready  comparison  with 
the  transits  or  passages  of  any  one  star  over  the  meridian,  but>  by  the 
dtllerence  of  the  tunea  of  any  two  transits^  ahowa  at  cnce  the  diierence 
of  right  ascension  of  the  atara  or  planets^  anpiessed  in  time  instead  of 
degrees. 

The  solar  days  are  not  only  about  four  minutes  kngsr  than  the  aldsseal 

days,  but  they  are  also  Unequal  among  themselves ;  and  this  inequality 
arises  from  two  causes;  the  one,  that  even  if  the  sun's  inotion  in  the 
ecliptic  were  unifonn,  his  diurnal  changes  of  right  ascerividii  would  be 
different  at  different  tinier,  ami  the  difference  between  liis  patli  in  every 
sidereal  day,  and  a  whole  circle,  depending  on  this  change  would  also 
vary ;  the  other  that  the  son's  motion  in  the  eeHptie  ia  aetoaUy  TariaUs^ 
consequently  the  dinmal  change  of  right  aaeensicn  ia  Uabla  to  a  donbla 
inequality.  Hence  it  liappeaa  that  the  solar  time  agiwa  at  fimr  hulaala 
in  the  year  only  with  tlie  mean  time^  deiiTed  from  suppoeing  the  whole 
3G5  days  to  be  divided  into  as  many  equal  parts;  the  difi«renoe  is  called 
the  equation  of  time,  and  amounts  sometimes  io  as  much  as  16  minutes. 
The  t^Tui  equation  if  roniiuonly  njipli^Ml  in  astronomy  to  any  small  quan- 
tity, wliich  is  to  be  added  to>  or  i>ubtracted  from,  an<Hhffl'  quantity  ;  thus 
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It  is  UBil,  in  oriealiillng  ihe  phm  of  a  pineti  to  ind  fnm  tiie  taUes  of 
its  motion,  the  mesa  plaoc^  in  whidi  it  would  be  foond  if  its  orbU  were 
filrculei',  and  thence  to  derive  the  true  place,  by  means  of  various  corre^ 
tiooa  called  eqai^ons.  In  Fraaoe  the  aolar  time  is  comddered  ae  the  tnia 
time,  anti  is  used  for  all  civil  purposes,  so  that  the  clocks  are  some- 
times embarrasaed  with  a  oomplicAted  apjmratus,  calculated  for  imitating 
the  inequalities  of  the  actual  apparent  moti(m  of  the  sun.  (Plate  XXXV. 

The  art  of  dialling  contiisb  principally  in  projecting,  on  a  giv^en  Burface, 
sucii  lines  an  will  coincide  with  the  shadow  of  an  index  or  gnomon  parallel 
to  tbe  etrdifa  axi%  at  iolervab  oonxeqMiiding  to  the  dilftrait  hooie  of  tha 
day  I  to  that  notldag  moie  is  naeemij  for  the  oonalnictioQ  of  a  dial,  than 
to  detefmiiie  the  inteneetioiiB  of  the  Borfiwe  on  wldeh  the  dial  is  to  be 
eonatnteted,  with  planet  pMing  thnngli  the  edge  of  the  gnomon,  and 
ailnaled  at  equal  aagdar  distanoes  from  eieh  other :  thus,  snppoiing  liie 
plane  of  the  dial  perpendicular  to  the  gnomon,  and  parallel  to  the  equinoo- 
tial,  the  hour  lines  of  the  dial  will  be  at  equal  distances  horn  each  other ; 
but  in  otlier  cases  their  distances  will  be  unequal,  and  Tmi«t  be  determined 
either  by  calculation  or  by  constrnctinn.    A  point  may  slsu  I  r  used  as  a 
i,aiomon,  as  well  as  a  line;  but  in  i]i\<  case  the  hour  lines  munt  cover  a 
lai-ger  portion  of  the  surface,  in  order  that  the  shadow  of  the  point  may 
always  fail  among  them.    (PUte  XXXV.  Fig.  604... 606.) 

The  changes  of  the  seasons  depend  on  the  return  of  the  sun  to  the  same 
|M)9ition  with  lei^Met  to  the  equator,  or  on  Ae  length  of  the  tiopieai  year, 
so  called  fnm  the  tropica,  which  are  cirolte  supposed  to  be  parallel  to  the 
eqnetor,  and  between  wluflb  tha  inn  tiaTiile  oonttnnaUy  baokwaxda  and 
forwards^  appealing  to  semain  Ibr  some  time,  when  hois  near  them,  with 
foy  little  change  of  deelinaiion ;  whence  the  time  wlien  the  sun  touches 
either  tropic  is  called  the  solstice.   The  vidiBitndee  of  ll^^t  and  darkness 
depending  also  on  the  solar  day,  it  is  necewaiy,  for  tlie  regulation  of  the 
civil  calendar,  to  establish  the  proportion  between  the  periods  of  the  solar 
day  and  the  tropical  year;  and  ttince  the  tropical  vfar  excoeds  the  time  of 
866  days,  by  6  hours,  48  minutes,  and  4H  wronds,  it  is  usual  to  add  to  the 
4:ommou  year  an  iiiUicuIarv  day  once  in  ai)Out  four  years.    The  ancient 
Earyjitians  reckoned  only  .Stio  days  in  a  year,  and  their  uominal  new  year 
arrived  continually  earlier  and  earUer,  so  that  ^ter  1507  of  their  years,  it 
woqU  have  happened  eaoeeaslFely  on  eaeh  of  the  966  days,  and  tetnmed 
to  the  original  ^aoe :  the  same  mode  of  computation  was  aleo  adopted  by 
the  Oieek  aatroaomera.  The  Romans  inserted  isteioalaiy  days,  at  first 
without  much  regularity,  according  to  the  diiaetlon  of  their  auguta,  until 
tha  time  of  Jnlina  Caesar ;  who^  obeerfii^  that  the  year  was  almost  6  houra 
longer  than  366  days,  added  a  day  every  fourth  year  to  the  calendar,  by 
reckoning  twice  the  day  in  February  called  sexto  calendas  Martias,  whence 
this  year  of  366  daj-s  was  denominated  a  bisnextilc  year.   Tlie  new  moon 
unmcdiatelv  following  the  winter  solstice,  in  tlie  707th  year  of  Ilome,  was 
made  the  first  of  January  of  tl  r  tirst  year  of  Caesar  ;  the  26tli  of  December 
in  his  f5th  year  is  eon-i  l  ved  as  the  date  of  tlu-  Nativity  of  Chribt,  and 
Caesar  «  40th  year  is  reckoned  the  first  of  our  era.   The  preceding  year  is 
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commonly  called  by  astronomers  the  year  0,  but  by  chronologists  the  year 
1  before  Christ.  The  rorroction  introduced  by  Caesar  was,  however,  too 
great,  the  error  being  exactly  7  days  in  i)00  years;  so  that  in  1582  it 
amounted  to  about  12  days.  This  error  wm  not  wholly  removed  by  Pope 
Gregory,  who  reformed  Uia  caleodar ;  he  omitted  10  da^'s  only  of  Uie  usual 
veekoning,  in  ordw  to  bring  back  tiw  miM  of  tbe  munMb  fBMla  to  the 
mjBM  >Utt^  in  which  ihcj  had  been  eolaUiahed  by  the  Niotfio  council,  in 
the  foniih  eentoxy.  He  detennined  it  the  atme  time  that  the  laet  jear 
of  every  century  should  be  pawod  without  an  intercalary  day,  excepting 
that  of  every  fourth  centur}',  which  was  still  to  be  bissextile.  Thus  every 
year  divisible  by  four,  without  a  remainder,  is  in  general  a  bissextile  or 
leap  year,  but  tbe  last  year  of  every  century  must  be  a  common  year, 
uulei^  tlie  number  of  the  century  ])e  divisible  by  4;  the  year  itt<M)  being 
a  common  year,  and  2000  a  bissextile.  In  this  manner  27  Julian  bissex- 
tilet  are  omitted  in  3600  years,  while  the  tme  length  of  the  year  would 
leqwre  the  onunion  of  28 ;  bvt  io  email  a  diilennce  can  he  of  no  malerial 
consequence.  The  Pcniana  had  introduced  into  their  calendar,  in  the 
11th  century,  an  intetoaiation  still  more  aceurate;  they  make  8  bissex- 
tiles only  every  33  years,  reckoning  four  common  years  together  insteatl 
of  tbree,  at  the  end  of  thin  y»eriod,  bo  tbat  in  132  year*?  they  have  32  leap 
years  instead  of  33;  and  tlie  error  is  (  iil  v  a  <lay  in  about  five  thousand 
years.  If  any  change  in  the  Gregorian  calendar  were  thought  necessar}', 
it  would  be  «uiy  to  make  the  last  year  of  every  fourth  and  fifth  century 
altemalely  n  biaMoUlei  and  thie  correction  woidd  be  quite  ae  accante  as 
it  ie  poaaLbie  for  our  ealoulationa  to  render  it.  Hie  adoption  of  tlie 
Gregorian  calendar  in  tliis  country  was  for  some  time  delayed  by  religions 
prejudicee ;  one  of  the  beetpfonnded  objectioua  to  it  wai^  that  2  dayi  of 
the  real  error  was  still  uncorrected ;  but  better  arguments  at  last  over^ 
caTne  these  difficulties,  and  the  new  style  wa«  introduced  on  the  14  Sep- 
tember 176^  which  would  iiave  been  called^  according  to  the  old  styl^  the 
third. 

Any  tolerable  approximation  of  this  kind,  when  onoe  general  1\  estab- 
Uihed,  appeara  to  be  more  eligibb  than  the  mode  whldi  waa  lately  adopted 
in  Ftanee^  where  the  republican  year  began  at  the  inetant  of  the  midnight 
precedingtheann'esniTalattheautomnalequlnox.  Mr.Lalaadaveiyjudl- 
doualy  obeerves,  that  there  are  several  years,  in  which  the  sun  will  pass  the 
equinox  so  near  to  midnight,  that  it  is  not  at  present  in  the  power  of  calcu- 
lation to  determine  on  what  day  t)ie  republican  year  ought  to  begin  ;  and 
perha])s  these  argimients  have  co-operated  with  otheie  in  facilitating  the 
restoration  of  the  ancient  calendar. 

The  revolutions  of  tlie  sun  and  moon  are  not  very  obviously  commen- 
surable, the  eoler  year  containing  IS  Innationa  and  almoet  11  days ;  but 
Heto  diaoovered,  more  than  2000  yean  agO,  that  19  eolar  yeare  contain 
exactly  28ft  lunationa;  and  thie  detorminallcn  ieeeaoeuiate^that  it  makee 
the  lunar  month  only  about  half  a  minute  too  long.  Hence  It  happened 
thai  in  every  period  of  19  yean»  the  moon's  age  is  the  same  on  the  same 
day  of  the  year.  Tlie  number  of  the  year,  in  the  Metonic  cycle,  h  cnlled 
the  golden  number,  the  calendar  of  Meto  having  been  ordered,  at  the  cele- 
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bration  of  the  Olympic  games,  to  be  engraved  in  letters  of  g^ld  on  a  pillar 
of  marble.  At  present,  if  wt  add  1  to  the  number  of  the  year,  and  divide 
it  by  19,  the  remuiiuler  will  be  the  golden  number;  thus,  for  1806,  the 
golden  number  in  2.  If  we  subtract  1  from  the  golden  number,  theu  mul- 
tiply by  11,  and  dividA  by  30,  Um  Mnuindor  will  be  the  epact,  wUeh  b  Am 
moon's  ago  on  tbo  fint  of  JuHuiy,  witlioiit  any  material  onor ;  ihna^  for 
1806^  llie  cpaot  is  11,  and  the  moon  is  aetnally  11  dajs  old  on  tiie  fint  €f 
Jannaiy. 

From  a  combination  of  dhronological  periods  of  various  Idnda^  Soaliger 
imagined  the  Julian  period,  as  an  epoch  to  which  all  past  events  might 
with  convenience  be  referred,  beginning  4713  years  before  the  birth  of 
Christ.  Livjilace  proposes,  r9  n  uni^'crsal  epoch,  the  time  when  the  earth's 
apogee  w'ls  ;it  right  angles  witli  its  nodes,  in  the  year  1250,  rrilliiit!:  the 
vernal  equinox  of  that  year  Uie  first  day  of  the  hrst  year.  iUit  the  fi  wer 
changes  of  this  kind  that  we  make,  the  less  confusion  we  introduce  ini«  our 
chronology.  The  astronomical  year  begins  at  noon  on  the  31st  of  Decem- 
ber, and  the  date  of  an  observation  expresses  the  days  and  hours  actually 
elapeed  from  that  time.  Tlins^  the  iint  of  January,  1800,  at  10  in  the 
moniingy  would  be  called,  in  astronomical  language^  18CM(  December  31 
dajB  22  houn^  or  more  properly  1806  Januazy  0  di^  22  houis,* 

For  aseertaining,  by  immediate  measurement,  the  position  of  any  of  the 
heavenly  bodies,  it  is  usual  to  determine  its  meridian  altitude  by  r|Ti:idrantS^ 
nnd  the  time  of  its  pasnng  the  meridian  by  transit  instruments.  Tlie  large 
quadrants,  generally  used  for  this  purpose  in  observatories,  are  fixed  to 
vertical  walls,  in  order  to  give  them  greater  stability,  and  are  thence 
called  iniiral  q^y.idi unts  ;  sometimes  a  smaller  portion  of  an  arc  only  is 
adapted  fur  ubbervaiions  near  the  zenith,  under  the  name  of  a  zenith  sector. 
A  transit  instrument  is  a  telescope  so  fixed  on  an  axis  as  to  remain  always 
in  the  plane  of  the  meridian  :  the  axia  being  perpendicular  to  this  plane, 
and  consequently  in  a  horizontal  posLtkm,  and  diieeted  east  and  west 
lliose  who  are  in  the  constant  habit  of  obserring  with  attention,  can  esti^ 
ABte^  In  this  msaner,  the  predse  time  of  the  psasage  of  «  celestial  object 
OTor  tha  meridian;  without  an  error  of  the  tenth  of  a  second,  so  thai  its 
angular  right  ascmsion  may  be  thus  determined  within  about  a  sseoDd  of 
the  truth.  A  very  convenient  mode  of  a^j^tsting  a  transit  instrument  is  to 
direct  it  to  the  north  polar  star,  at  the  same  time  that  the  last  of  the  three 
horses  in  the  wain  is  perpendicularly  above  or  below  it :  this  process,  in 
1751,  gave  precisely  the  true  meridian  ;  but  since  that  time,  the  pre- 
cession of  the  equiiinxrs,  wliirli  produces  a  Blierht  change  in  tlio  jilaees 
of  tlie  stars,  has  made  it  necessary  to  wait  1  minute  13^  seconds  for 
every  ten  years  that  have  elapsed.  Thus,  in  180<j,  if  we  wait  6i 
minutes,  the  pole  btar  will  then  be  precisely  in  the  meridian,  and  will 
mnm  fvr  tho  correct  a4ju8tment  of  the  instrument.  (Plate  XXXY.  Fig, 
M7*  •  .510.) 

*  On  the  Calendar,  consult  Sauve«r,  Hist,  et  Mem.  1732,  H.94.  T.ord  M^ic- 
cleeiield,  Ph.Tr.  17&0.  p.  417.  LaUnde,  Hist,  et  M^m.  1789,  p.  95.  Halma,  Sur 
U  ReducHon  des  Aaote  dec  Aaoieiii  I  k  flame  des  Notno,  41a,  1819.  8ar  Is* 
Mois  Maoedoideas,  4to,  1880,  Koeye.  Brit.  art.  Osleadar. 
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The  qaadrant  in.  most  cotninon  use,  espedally  for  nautical  observations, 
was  first  proposed  by  Newton,*  but  ImproYed,  or  perhaps  reinvented,  by 
Hadky.t  Ito  opentkm  d«pcods  on  the  eflfiwl  «f  two  ndimn  wliidi  M^g 
both  flio  objeeti^  of  whteh  tho  ai^jular  <lirt>ne>  is  to  bo  mt&nnAf  aft  one* 
Into  iho  field  cf  ▼lew ;  tad  ilio  indioAtbn  of  the  ipeeiiliiiii*  by  wbicli  thit 
fe  pprformed  Mrves  to  determine  the  angle.  The  ray  proceeding  from  ono 
of  the  objects  is  made  to  coincide,  after  two  reflections,  with  the  ray  coming 
immediately  from  tlie  other,  and  since  the  int  lination  of  the  reflecting  stir- 
fncpH  is  tlu  n  half  tlie  an^ihir  distance  of  the  objects,  this  inclin  ition  is  rend 
oiV  nn  ;i  Hcale  in  which  every  actual  degree  represent«  l\vo  det,'recs  of 
angular  di^<tance,  and  is  marked  accordingly.  Tliere  is  also  a  second  iixeil 
■pooohim,  placed  ftt  xi^  «d|^  to  tfae  viove»ble  one,  ^rhm  fn  Iti  zenoteet 
sitonlioiiy  which  then  prodneee  %  derulion  of  two  uiglee  in  the  ep- 
pttTCntplam  of  one  of  the  objeol%  ud  whidi  eneiblee  w,  byvioving  the 
index,  to  measure  any  angle  between  180^  and  90^.  This  operation  is 
called  the  bock  ob^-rvation ;  H  Is  however  seldom  employed,  on  account  of 
the  difficulty  of  adjusting  the  speeuhun  for  it  w  ith  jioeunu  y.  The  reflect- 
ing instrument  originally  invented  by  Hooke  was  axranged  ia  a  manner 
somewhat  different    (I'late  XXXV.  Fi?.  511.) 

From  the  meridian  altitude  of  any  puiut,  it  is  easy,  when  the  elevation  of 
the  pole  ie  Imown,  to  dednee  its  dedlution ;  and  its  i^t  eeeeMion  may 
be  fDOnd  Ihiin  the  time  of  ite  peeeege  over  the  neriditn  after  that  of  tlie 
equinoetial  pohil^  alloiHug  16  d^gzeea  for  eaeh  aidenal  iionr.  (Plate 
XXXV.  Fig.  512.) 

In  all  aetronomical  observations  it  is  necesaaij  to  make  proper  cor- 
rections, aecortlin^:  to  the  rule^  of  optics,  for  the  effects  of  atmospherical 
refraction  ;  and  also,  in  observations  on  ilu'  moon  more  e8]>ecial1y,  for  those 
of  parallax,  or  the  difference  of  the  apparent  place  of  the  luriiiiiai  v  with 
respect  to  tlie  earth's  centre,  and  to  the  place  of  tlie  spectator,  whidi  is 
eqoal  to  the  angle  eabtended  nt  the  centue  of  Uie  lominary  by  the  eemidin- 
nwler  of  the  earth  paaaiiig  through  the  phoe  of  obeeryatlon;  linee  aU  cat- 
enlntiona  of  the  geocentric  placee  ef  heavenly  bodiea  are  teftmd  to  die 
eaith'e  oentfe.  This  angle,  which  ie  to  be  added  to  the  apparent  aMtade^ 
amoents  SMnetimea,  in  the  case  of  the  nioo%  when  near  the  horiaon»  to 
more  than  a  depjee  ;  the  refraction,  which  is  in  a  contran,^  direction,  and  is 
to  be  Hulitracted  from  the  altitude  being  at  the  horizon  about  33  miQutes. 
(Piate  XXXV.  Fig.  513.) 

The  most  important  applications  of  practical  astronomy  are  in  the  de- 
termination of  ^e  latitndea  and  longitude  of  places  on  the  earth's  enrfaee. 
The  latttodc^  which  ie  the  angnlar  distance  of  the  plaee  htm  tiie  equator, 
or  the  an^  fonntd  by  the  plane  of  Hi  horim  with  the  earth^a  ail%  is 
enrily  aeoeitafaied  by  finding  the  meridian  altitn<k  of  a  body,  of  which  Ikie 
declination  ia  known  ;  sinM^  by  deducting  or  adding  the  declination,  we 
have  at  once  the  elevation  of  the  equinoctial,  or  of  the  plane  of  the  e^juator 
above  the  horizon,  and  subtracting  this  from  a  rij^'ht  angle,  we  find  the 
elevation  nf  the  pole,  or  the  latitude.    (Plate  XXXV.  Fit;.  fil2.) 

It  is  also  common  to     U  rmine  the  latitude  of  a  ]>lacc  by  means  of  two 
•  Pb.  Tr.  1742,  p.  155.  f  S«e  Lect-  XXXVl. 
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altitude  observed  at  different  Umes  in  the  same  day,  noticiiig  accurately 
tht  Intsrvil  of  limo  tiiai  ekpMs  baiwMn  the  ofaMrnlioBa.  TU«  SMthod 
has  •  gvMi  advuitage  in  doady  werthcr,  whtn  it  !■  not  poaible  to  cnmn 
•n  olMmtMW  of  «  BMridlan  alftitndo. 

Tho  longitude  of  a  place,  or  the  relative  poiitfon  of  ite  nmidian,  i>  bj  no 
means  so  readily  determined.   For  this  purpose  it  beeomee  neoeraary  to 
ascertain  the  time  that  elnp'H^?^  In't  weon  thi'  pfmnapfes  of  a  given  poirtt  in  the 
heavens  over  its  meridiau  and  boiae  otlier  meridian  which  serves  m  a 
standard  of  comparison.    Thus,  if  the  sun  arrives  three  hours  latn-  at  the 
n^ridian  of  any  place  tliau  at  the  meridian  of  London,  that  piuce  muiit 
ntOMnrily  be  46  degrees  w«rt  of  London,  or  in  45^  wtst  longitude:  and  if 
we  laiow,  whm  it  is  noon  et  the  given  plaei^  ilist  it  ia  tiuee  o^doek  in  the 
aflonoon  at  Ghreenwioh,  wo  may  be  oerlain  that  we  are  in  eonio  part  of  a 
meridian       west  of  that  of  Greenwich.    Had  we  perfect  timekeepers,  we 
might  eacUf  adjust  them  to  the  time  of  our  first  meridian,  and  then,  hj 
comparison  with  the  nsnal  determinntiona  of  time  in  any  other  pUco,  to 
which  they  mi ^'1  it  )>e  carried,  tiie  lungitu'li^  of  tliis  place  might  '  <   f  mnd 
with  perfect  accuracy.     Such  timekeeptis  a;*  we  have  are  indeed  suffi- 
ciently correct,  to  be  of  considerable  utility,  but  it  it>  necessary  to  compare 
them  fnqnentl J  with  astronomical  olioervations  of  phenomena,  wliieh  oecor 
at  times  capaUe  of  a  oonect  oakulation.  Sometimes  the  transita  of  Mer^ 
ouiy  and  Yenni^  or  the  edipeee  of  the  moon,  am  employed  firthiapnrpoae, 
hnt  more  usually  the  eclipees  of  the  eiAdUtea  of  Jupiter ;  these,  liowevei^ 
cannot  be  well  ol»erved  without  a  more  powerful  telescope  than  ean  be 
employed  nf  sea  ;  Hud  the  theory  of  the  moon's  motion,  has  of  btt<>  vprts 
been  so  much  improved,  thst  her  distance  from  the  sun  or  from  a  fixed 
star  can  be  cftlrulatcd,  witli  suilicient  accuracy,  for  determining  the  time  in 
London  or  at  Paris  witliout  au  error  of  one  tiiird  of  a  minute ;  so  that 
supposing  the  observatkm  ooold  be  rendered  perfectly  eorrect,  the  longitade 
might  be  thoe  aaeortilnad  within  about  one  twelfth  of  •  d^ree,  or  at  moot 
Uto  nantical  milee. 

The  observed  parallax  of  the  sun  and  moon  may  be  employed  for  the 
determination  of  their  distanoes  from  the  earth ;  but  in  the  case  of  t]ie>enn, 
the  simple  comparison  of  his  calculated  witli  apparent  altifiide  i**  in- 
jinflicit'nt  ffir  ascertaining  the  mncrnitude  of  the  panillax  with  ac  ur.u  y. 
Sometimes  the  parallax  of  Mar-,  \,  lii<di  is  considerably  greater  than  the 
sun\  has  been  directly  measured  ;  but  the  most  correct  mode  of  ascer- 
taining the  actual  dimensions  of  ths  sdar  syrtem  is,  to  obaerre  a  tnnat 
ef  Vemis  orer  tho  iim*e  dieo,  at  two  plaeee  dtnatod  in  opposite  patta  of 
the  eaith'a  eniliwa.  For,  afaiee  the  diurnal  motion  of  aoase  parte  of  tho 
eaiifa  b  diiected  the  same  way  with  the  motion  of  Venus  in  her  oibil^ 
and  Uiaiof  olhen  the  conttary  way,  tiie  different  effects  of  these  motiona 
mu^t  furnish  a  mode  of  comparing  the  rotatory  velocity  of  the  rarth, 
with  the  progressive  velocity  of  Venus,  and  consequently  of  infrrring, 
from  the  known  velocity  witli  which  the  earth's  surface  revolve,  the 
actual  velocity  of  Venus,  and  her  distance  from  the  sun ;  whence  the 
distances  of  all  the  other  planets  may  be  readily  deduced.  (Plate  XXXV. 
Fig.  514.) 
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Our  countrynuui  Honox*  wis  ^  finl  paitieiilarly  attended  to  tht 
pheDomenft  of  a  tmuAt  of  Veaiu  ovar  Uw  mn'a  dise :  Dr*  Hftllegr,t  when 
ho  oboerved  a  tratult  of  Moroaiy  at  Sfe.  Hetenty  thought  that  ho  oonUt 
awertain  tho  tunea  of  immersioii  and  omonioik  without  an  error  of  a  single 
Moood ;  and  henoe  he  concluded,  that  by  means  of  a  transit  of  Venus,  the 
8nn*s  distance  might  be  determined  within  a  five  hundredth  part.  The 
most  advantageous  places  for  the  experiment  1>eint;  snch  as  differ  most  in 
longitude,  and  are  most  remote  from  each  other,  Captain  Cook  was  nent 
by  the  British  government  to  the  South  Seas,  in  the  years  17Ci  and 
in  order  to  observe  the  transits  of  Venus  in  the  island  of  Otaheite. 
These  obserrationB  were  compared  with  thoee  which  were  made  at  Ward- 
hnjB,  in  Danish  Lapland ;  tho  dillbieiioo  of  tho  timea  ooenpiod  by  the 
traneit  at  tfieeo  plaoee  was  found  to  lie  23  minuAos  10  seetmdi^  and  from 
this  eomparison,  corrected  by  a  number  of  collateral  observataona,  the  sun's 
mean  parallax  was  found  to  Iw  8  seconds  and  two  tltirds,  or  perhaps  8f  ; 
for  it  does  not  appear  that  we  are  snre  of  having  avoided  even  an  error  of 
one  fortieth  part  of  the  who! o  •  altln  ntrh  Mr.  Laj>lace*s  determination  of 
the  eun'.H  distance,  from  tiie  luaar  inotious,  agrees  very  well  with  that 
whidi  h  usually  considered  as  the  result  of  the  observations  of  the  transit 
ofVonuB.| 

Tho  comparativa  denritiea  of  tho  sun,  and  of  moh  phm^  aa  liavo  oald- 
lito^  may  bo  calcniatod  Cram  tho  poriodo  and  daetiiioee  of  tho  hodioo  iwolr* 
Ing  round  them ;  tiie  densities  of  the  other  pianola  have  tometimes  been 
aaeigned  from  conjeotore  only,  but  of  lata  years  the  mathematical  theory 

of  the  planetary  pertufbations  has  been  rendered  so  perfect,  thfit  some 
dependence  may  perlmyx?  be  placed  on  the  deir^ity  assicrned  to  them  from 
calculations  of  this  kind.  It  was  fonneriy  supposed  that  the  densities  of 
the  planets  wei'e  regularly  greater  as  they  were  nearer  to  the  sun  ■  but  it 
la  now  oerlain  that  the  Georgian  planet  u  more  dense  than  Satuzn,  and  it 
Is  piobaUa  that  Vtnut  ia  wmewhat  leia  denie  than  tho  oarlli.  Tho  moM 
of  tho  moon  is  deduced  from  a  eompatiion  of  the  olMa  of  her  attraotionim 
tho  earth  and  sea  with  thoae  of  the  sun's  attraelion* 

Thoavtifioial  globe  serves  aa  a  useful  instrument  for  determining,  in  a 
rough  manner,  without  calculation,  the  affections  of  the  heavenly  bodies  at 
particular  times ;  their  places  1>cincr  first  ascertained  from  tal»lp«,  or,  in  the 
case  of  the  sun,  merely  from  a  t»cale  on  the  globe's  horizon,  or  on  its  surface. 
We  have  only  to  adjust  the  elevation  of  tlte  pole  of  tlie  globe  iu  such  a 
manner,  that  ita  axis  may  form  tho  oamo  aaglo  withite  hotiaon  as  the  axis 
of  tho  earth  does  with  the  real  luriaon  of  tho  plaeo;  than  finding  a  point 
on  ita  snrfrbe  oomaponding  to  the  plaoe  of  the  son  or  planet^  wo  may 
represent  its  apparent  motion  by  the  motion  of  thb  point,  and  the  time 
occupied  by  that  motion  will  be  shewn  by  the  index  of  the  globe ;  thus  we 
nay  find  the  length  of  the  day  and  night,  and  the  time  and  piaoe  of  rising 

*  See  Uevelius,  Merctirius  in  Sole  visas  Gedaui  Au.  IG61,  caiaanexa  est  Veans 
ia  SoIb  vfis  Ab«  1639,  Ltrerpoliae,  A  J.  Homnio,  fol.  Ged.  166t. 

t  DeParaUaxi  npc  VciH-ris  Dftt^rminanda,  ?h.  Tr.  1716,  p.  454. 

X  Ettler  on  the  Sun's  Paraikx,  computed  bjr  Lexeli,  Ph.  Tr.  1772,  p.  69,  makes 
it  8~*6ft  i  Ltplsoe,  tnm  tfaeoMwa's  motUm,  aukcs  it  8''*6. 
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and  setting ;  and  hy  means  of  a  gratiuated  circ  le,  perj)endicul;ir  to  the  hori- 
zon, we  may  measure  the  altitude  of  the  sun  or  planet  at  any  other  time, 
and  ako  its  azimuth,  or  the  distance  of  this  circle  from  the  nortli  or  i»uuth 
point  of  the  horizon.  If  \^  u  have  a  ring  of  any  kind  parallel  to  the  horizon, 
and  33  minutes  below  it,  wc  may  consider  this  ring  as  the  apparent  hori« 
zon,  allowing  for  the  effects  of  refraction ;  if  it  he  still  16  or  16  minutes 
lower,  it  will  represent  the  rising  or  setting  of  the  extreme  maxgin  of  the 
sun  or  moon :  we  mi^t  also  have  a  cirde  abont  a  degree  above  dUier  of 
tbeee^  which  might  represent  the  sensible  or  apparent  homon,  with  regard 
to  the  moon,  indttding  the  correction  for  her  parallax  ;  and  a  similar  ring, 
placed  still  lower,  would  show  the  duration  of  twilight,  on  any  supposition 
that  might  he  formed  resi)ecting  the  depression  of  the  sun  rc(juired  for  pro- 
ducing total  darkness.  By  means  (»f  the  celestial  gloV»e,  the  apparent 
motions  of  the  fixed  stars  may  be  reprcseatod  in  a  manner  nearly  similar, 
proper  attention  heini;  \)iud  to  the  situation  of  Ute  sun  iu  the  ecliptic,  as 
determining  the  time  corresitomling. 

iMan\  of  thesiC  operations  may  also  be  performed  wiiii  tMjual  convenience 
with  a  planisphere,  which  is  a  stereographical  projection  of  the  globe  on  a 
plane  suTface.  Professor Bode's  planisphere  comprehends  in  one  view  all 
the  Stan  that  are  ever  visible  at  Berlin :  he  has  added  to  it  a  moveable  cir- 
cle, representing  the  horixon  of  that  place,  carrying  with  it  the  droles  of 
altitude  and  asimnth,  delineated  on  a  transparent  paper,  which  is  adjusted, 
by  graduations  at  the  margin  of  the  chart,  to  the  day  and  hour  for  which 
we  wish  to  ascertain  the  apparent  places  of  the  heavenly  bodies.  Any 
other  chart  of  the  stars,  having  the  pole  in  its  centre,  may  be  affiled  to  a 
similar  use,  by  cuttinH-  out  a  circle,  or  a  part  of  a  circle,  to  reprc*(ent  the 
horizon  of  a  place  of  wliich  the  latitude  is  given  ;  and  if  the  stars  are  pro- 
jectoil,  as  is  usual,  on  twi>  equal  chart*,  they  must  have  two  equal  arcs  to 
represent  the  n  speetivi-  parts  of  the  horizon  belonging  to  them.  A  simple 
construction  may  also  often  be  made  to  serve  for  solving  many  problems  of 
a  similar  naturel  (Plate  XXXV.  Fig.  615,  516.  Plate  XXXVI.  Fig.  517. 
Plate  XXXVIL  Fig.  M8.) 

For  representing  the  real  as  well  as  the  apparent  motions  of  the  different  ' 
parts  of  the  solar  system,  planetariums  or  orreries  have  sometimes  besn 
employed,  in  vrhich  the  comparative  periods  of  the  revolutions  have  been 
expressed  by»variona  combinations  of  wheelwork.  Of  these  instruments 
Apff^'"*^*^*  was  the  original  inventor,  and  Uuygens  revived  them,  witli 
many  improTemcnts,  in  modern  times.  The  construction  of  the  large  pla- 
notnrinm.  which  has  been  made  in  the  house  of  the  Royal  Institution,  was 
print  i pall y  dirfnt,  f!  by  Mr.  Pearson.  I  sn<?nfest»'<l  to  him,  that  the  instru- 
ment mi^ht  he  placed  in  a  vertical  position,  and  that  the  eccentricities  of 
the  planetary  orbits  might  be  shown  by  the  revolution  of  short  arms,  retained 
iu  their  situation  by  weights,  and  their  deviation  from  the  jilane  of  the 
ecliptic  by  inclining  the  axes  of  these  arms,  in  a  [<ioj.ii  angle,  to  the  plan© 
of  Uie  instrument.  The  othor  parts  of  tiie  arrangement,  which  have  any 
claim  to  novelty,  were  entirely  of  Mr.  Pearson's  invention,  and  he  appears 
to  have  rendered  the  instrument  in  many  respects  more  accurate  than  any 
other  planetarium  Uiat  has  ever  been  constructed.* 

*  On  this  subject  see  the  srticb  PUnetariimi,  by  Pesrson,  hi  Rees't  Cjclopsdia. 
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Fbom  the  consideration  of  the  stars,  the  sua,  and  the  planets  in  general, 
we  Avevow  todnoend  to  that  of  the  earUi»  the  p«itieiilar  planet  which  we 
inhabit^  and  which  we  ean  examine  more  minutely  than  the  other  parts  of 
the  eohir  syatem.  Ite  external  form,  its  dimons,  whether  astronomidal  or 
natonJ,  Ha  most  lemarkable  leatoYei^  and  its  internal  structare,  will  require 
to  be  separately  investigated. 

The  general  curvature  of  the  earth's  surface  is  easily  observable  in  the 
disappearance  of  distant  objects,  and  in  partienlaTi  when  the  view  is  limited 
by  the  sea,  flip  surface  of  which,  from  the  common  property  of  a  flui<l, 
becomes  uaturally  smooth  and  horizontal :  for  it  is  well  known  tliat  tlie 
sails  and  rigging  of  a  sliip  come  into  view  long  before  her  hull,  au<l  that 
eaeii  part  is  the  sooner  seen  as  the  eye  is  more  elevated.  On  hhore,  tlie  fre- 
quent inequalities  of  the  solid  parts  of  the  earth  usually  cause  the  prospect 
to  be  bounded  by  some  irregular  prominence,  a^  a  hill,  a  tree,  or  a  huild* 
ing,  so  that  the  general  enrvatttte  is  the  less  obsenrahle. 

Tlie  sorfaee  of  alake  or  sea  must  be  always  perpendicular  to  the  direc- 
tion of  a  plumb  line^  which  may  be  considered  as  the  direction  of  the  force 
of  gravity ;  and  by  means  either  of  a  plomb  line  or  of  a  spirit  level,  we  may 
asoertain  the  angular  situation  of  any  part  of  the  earth's  surface  with 
respect  to  a  ikxed  star  passing  the  meridian ;  by  going  a  tittle  further  north 
or  south,  and  repeating  the  observation  on  the  star,  we  may  find  the  differ- 
ence of  the  inclination  of  the  surfaces  at  both  points  ;  of  course,  supposing 
the  earth  a  sphere,  this  difterence  in  latitude  will  be  the  angle  subtended  at 
its  centre  by  the  given  portion  of  the  surface,  whence  the  whole  circum- 
ference may  be  determined  ;  and  on  these  principles  the  earliest  measure- 
ments of  the  earth  were  conducted.  The  first  of  these,  which  can  be  con- 
sidered as  accurate,  was  executed  by  Picart*  in  France,  towards  the  end  of 
the  seventeenth  century. 

Bnt  the  sphwical  form  is  only  an  approximation  to  the  troth ;  it  was 
calenlated  by  Newton,  and  ascertained  experimentally  by  the  French  Aca- 
dsoudansy  sent  to  the  equator  and  to  the  polar  dide^  ihat^  in  order  to 
represent  the  earth,  the  sphere  must  be  flattened  at  the  polea^  and  promi- 
nent at  the  equator.  We  may  therefore  consider  the  earth  as  an  oblate 
elliptie  spheroid  ;  the  curvature  being  greater,  and  consequently  every 
degree  shorter,  at  the  equator,  than  nearer  the  poles.  If  the  density  of  the 
earth  were  unifonn  throughout,  its  ellipticity,  or  the  difi'erence  of  the 
length  of  its  diameters,  would  be  -j-fv  of  the  whole  ;  on  the  other  hand,  if 
it  consisted  of  matter  of  inconsiderable  density,  attracted  by  an  infinite  force 
in  the  centre,  the  ellipticity  would  be  only  ^.  1^;  and  whatever  may  be 
the  internal  structure  of  the  earth,  its  form  umst  be  between  these  limits 

Hist.  etM£m.viLI.  46. 
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since  its  internd  parts  must  necessarily  be  denser  than  those  parts  which 

are  nearer  the  sxirface.  If  imleed  the  earth  consisted  of  water  or  ice, 
equally  cnmpressiMp  with  common  water  or  ice,  and  follo-^rinop  the  same 
laws  of  compression  wiili  elu.slic  fluids,  its  density  would  be  several  thnvi- 
sand  times  greater  at  the  centre  than  at  the  surface  ;  and  even  steel  would 
be  compressed  into  one  fourth  of  its  bulk,  and  stone  into  one  eighth,  if  H 
were  eontinned  to  the  earth's  centre ;  so  that  fliers  can  be  no  dlonbt  but 
that  the  central  parts  of  the  earth  must  be  nmchmore  dense  than  the  saper- 
iieia].  Whatever  this  diflferenoe  may  be,  it  has  been  demonstrated  hj 
Clairaut,*  that  the  fractions  expressing  the  ellipticity  and  the  apparent 
diminution  of  pravity  at  the  equator  must  always  make  together  -yf^,  and 
it  has  hoon  foimH,  by  the  most  accurate  observations  on  the  lenirth"*  of 
pendulums  in  difi*  imt  latitudes,  that  the  force  of  gravity  is  less  powerful 
by  at  the  equator  tiiau  at  the  pole,  whence  the  ellipticity  is  found 
to  be  xrv  equatorial  diameter,  the  fotm  being  the  same  as  would 

be  produced,  if  about  three  eighths  of  the  whole  force  of  gravitj  were 
directed  towards  a  central  partidc^  the  density  of  the  rest  of  the  earth  being 
nnlform. 

This  method  of  determining  the  general  Ibrm  of  flie  earth  is  much  less 
liable  to  error  and  irregularity,  than  the  measurement  of  the  lengths  of 
deirrcps  in  varions  parts,  since  the  accidental  variations  of  cnrvntnre  pn>- 
duced  by  btcal  differences  of  density,  and  even  by  superhcial  elevations, 
may  often  produce  considerable  errors  in  the  inferences  which  might  be 
deduced  from  these  measurements.  For  example,  a  degree  measured  at 
the  Cape  of  Good  Hope,  in  latitude  9SP  south,  was  found  to  be  longer  than 
a  degree  in  France,  in  latitude  46^  north,  and  the  measurements  in  Austria, 
in  North  America,  and  in  England,  Iiave  all  exhibited  ngns  of  similar 
irngularities.  There  appears  also  to  be  some  difference  in  the  length  of 
degrees  under  the  same  latitude,  and  in  different  longitudes.  We  may, 
however,  imagine  a  repnlar  elliptic  spheroid  to  coincide  very  nearly  with 
any  small  portion  of  the  mrtli's  surface,  altliouLdi  its  fonn  must  be  some- 
what diflPerent  for  different  parts  :  thus,  for  the  creator  part  of  Europe,  that 
is,  for  England,  France,  Italy,  and  Austria,  if  the  measurements  have  been 
correct,  tliis  osculating  spheroid  must  have  an  ellipticity  of  xfj^ 

The  earth  is  astronomically  divided  into  sone^  and  into  climates.  The 
torrid  aone  is  limited  by  the  tropics,  at  the  distance  of  23f*  29  on  each  «de 
of  Uie  equator,  containing  all  such  places  as  have  the  son  sonfestimes 
vertical,  or  immediatdly  over  them ;  the  frigid  zones  are  willun  tlie  polar 
circles,  at  the  same  distance  from  the  poles,  indading  all  places  which 
remain  annually  within  the  limit  of  Hjrht  and  darVnes^  for  a  whole  diurnal  . 
rotation  of  tlie  eartli,  or  longer  ;  the  temperate  zones,  between  these,  have 
an  uninterrupted  alternation  of  day  and  nij,dit.  })ut  are  never  subjected  to 
the  sun's  vertical  rays.  At  the  equator,  therefore,  the  sun  is  vertic&l  at  the 
equinoxes,  his  least  meridiaB  altitude  is  at  the  soibtiees,  when  ft  is  Bt^  32^, 
that  is,  more  than  with  ua  at  midsommer,  and  this  happens  once  on  the 
north  and  once  on  the  south  dde  of  the  hemiiphere.  Between  the  equitor 

*  Sur  k  Fl|are  de  h,  Terre,  Paris,  1743.  Airy*t  ThicU,  Figme  of  the  Earth, 
art  ftt ;  or  bb  artide,  Fifoie  of  the  Earth,  in  the  Eiiejdo|NBdia  MctropoUtaas. 
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aud  the  tropics,  he  is  vertical  twice  in  the^ear,  when  his  decliQation  is  e(}ual 
to  the  latitude  of  the  place,  and  his  least  meridian  altitudes,  which  ai-Q 
unequal  between  themselves,  are  at  the  solstices.  At  the  tropics,  the 
meridian  sun  is  vertical  once  only  in  the  year,  and  at  the  opposite  solbUce, 
or  th«  iimft  of  midwinter^  his  meridian  altitude  b  43°  4^,  as  with  n»  in 
April,  tnd  tlM  beginning  of  Septnnber.  At  tfat  polar  circles,  the  eon 
deeerilies  on  midmunnMr  'day  a  complete  drde^  touching  the  north  or  south 
point  of  the  horiion ;  and  in  midwinter  he  ebowe  only  half  his  diee  above 
it  for  a  few  minntee  in  the  opposite  point ;  that  is,  n^eeting  the  elevation 
prodnced  by  nfractio%  whidi,  in  theee  dimates  eapedally,  is  by  no  meana 
inconsiderable.  At  eitlier  pole,  the  ooneeponding  pole  of  the  heaven  being 
vertical,  the  sun  must  annually  describe  a  spiral,  of  which  each  coil  is 
nearly  horizontal,  half  of  the  spiral  being  above  the  horizon,  and  half 
below  ;  the  coils  htintr  nnirh  opener  in  the  middle  than  near  either  end. 

The  climates,  in  the  astronomical  sense  of  the  word,  are  determinod  by 
the  duration  of  the  longest  day  in  diirerent  parts  of  the  earth's  surface ; 
but  this  division  i.s  of  no  praciical  utiiity,  nor  does  it  furnish  any  criterion 
for  jud^'inij;  of  the  climate  in  a  meteorological  sense. 

The  natural  division  of  the  surface  of  the  glohe  is  into  sea  and  land : 
about  three  fourths  of  the  whole  being  occupied  by  water,  alUiough  pro- 
bably no  where  to  a  depth  eomparatively  very  conrideraUe^  at  moot  of  a 
few  miles  on  an  average.  The  rematniqg  fonrth  consists  of  land,  elevated 
more  or  less  above  the  level  of  the  eee^  intenpened  in  eome  part^  with 
emaUer  collections  of  water,  at  various  height§^  and,  in  a  few  instancei^ 
somewhat  lower  than  the  genersl  stitiace  of  the  main  ocean.  Thus  the 
Caspian  sea  is  said  to  be  about  300  feet  lower  than  the  ocean,  and  in  the 
interior  part  of  Africa  there  is  probably  a  lake  equally  depressed. 

We  cannot  observe  any  general  symmetry  in  this  distribution^  of  the 
earth's  surface,  excepting  that  the  two  large  continents,  of  Africa  and  South 
America,  have  some  >Vv-]\t  resemblance  in  their  fonns,  and  that  each  of 
them  is  terminatc<l  to  the  eastward  bv  a  collection  of  numerous  islands. 
The  large  ca])cs  projecting  to  the  southward  have  also  a  similarity  with 
respect  to  their  form  and  the  islands  near  them  :  to  the  west  the  continents 
are  excavated  into  large  bay8,  and  the  islands  are  to  the  east :  thus  Cape 
Horn  has  the  Falkland  Islands,  the  Cape  of  Good  Hope  Madagascar,  and 
Cape  Comoiin  Ceylon,  to  the  east*  (Plate  XLII.,  XLIII.) 

The  great  continent  composed  of  Europe,  Asia,  and  Africa,  oonstitntea 
abcnt  a  seventh  of  the  whole  foifboe  of  the  earth,  America  about  a  six- 
teenth, and  AusMasia  or  New  South  Walee  about  a  fiftieth ;  or,  in 
hnndredth  parts  of  the  whde^  Europe  contains  2,  Asia  7,  Africa  6,  America 
6,  and  Australasia  ^  the  remaining  77  being  sea  ;  although  some  authors 
assign  72  parts  only  out  of  100  to  the  sea,  and  28  to  the  land.  These  pro- 
portions may  be  ascertained  with  tolerable  accuracy  by  weighing  the  paper 
mnde  for  covering  a  glolto,  first  entire,  and  then  cut  out  according  to  the 
tr niiliiations  of  the  dilrterent  countries  ;  or,  if  Ktill  greater  precision  were 
required,  the  greater  part  of  the  continents  might  be  divided  into  known 
portions  of  the  whole  spherical  surface,  and  the  remaining  irregular  por- 
tions only  weighed. 


Jiigitized  by  Google 


438 


LECTURE  XLVI. ' 


The  general  inclinations  and  levels  of  the  continents  are  discovered  by 
the  course  of  their  rivers.  Of  these  the  principal  are,  the  Rarer  of  AmnBoni, 
th«  Senegal,  the  Nile,  the  River  St.  Laormee^  the  Hoangho,  the  River  L»» 
plata»  the  JeniMi,  the  Hieeiarippi,  the  Volga^  the  Oby,  the  Amur,  the 
Ovonooko,  the  Gangei^  the  Enphratee,  the  Denubi^  the  Don,  the  Indus,  the 
Dnieper,  and  the  Dwina ;  and  this  is  laiid  to  be  nearly  the  order  of  their 
magnitudes.  But  if  we  class  them  according  to  the  lentrth  of  country 
through  which  they  run,  the  order  will,  aecordint;:  to  Major  K«nners  calcu- 
lation, be  Humewhat  different :  taking  the  length  of  tlie  Thames  for  unity, 
he  estimates  that  of  the  River  of  Amazons  at  15f ,  the  Kiaug  Kew,  in  China, 
the  Uoangho  13|,  the  Nile  12^,  the  Lena  11 1,  the  Amur  11,  the  Oby 
10|,  the  Jeniaei,  10,  the  Gangea,  ita  companion  the  Barnmpooier^  the  river 
of  Avay  and  the  Vol^  eaeh  the  Euphrates  81,  the  Miaeiirfppi  8^  the 
Dannhe  7,  the  Indus  6|,  and  the  Rhine  6h 

We  may  form  a  tolerably  accurate  idea  of  the  levels  of  the  ancient  con- 
tinent, by  tracing  a  line  across  it  in  such  a  direction  as  to  pass  no  river, 
which  will  obviously  indicate  a  tract  of  cnuntiy  higher  than  most  of  the 
neighbouring  parts.  Beginning  at  Cape  Finistcrre,  we  soon  arrive  nt  the 
Pyrenees,  keeping  to  the  south  of  the  (Jaronne  and  the  Loire.  After  taking 
a  long  turn  northwurdis  to  avoid  the  Khine,  we  come  tu  Swisi»erlaud,  and 
we  may  approadi  vety  near  to  the  MediteiTaaean  in  the  state  of  Genoay 
taking  care  not  to  cross  the  braachea  of  the  Po«  We  make  a  cirenift 
in  Swiaserland,  and  pass  between  the  eourees  of  the  Danube  and  of  the 
branches  of  the  Rhine  in  Swabia.  Crosdng  Franconia,  we  leave  Bohemia 
to  the  north,  in  order  to  av<Hd  the  Elbe,  and  coming  near  to  the  borders  of 
Austria,  follow  those  of  Hungary,  to  the  south  of  the  Vistla.  The  Dnieper 
then  obligof?  m  to  go  northwards  through  Lithuania,  leaving  the  Don 
wholly  to  the  right  ;  and  tlie  Volga,  to  pass  still  further  north,  between 
Petersbui^  and  Moscow,  a  little  above  Bjeicsero.  We  may  then  go  east- 
wards  to  the  boundary  of  Asia,  and  thence  northwards  to  Nova  Zembla. 
Hence  we  descend  to  the  west  of  the  Oby,  and  then  to  the  east  of  the 
brandies  €i  the  Volga,  and  the  other  inland  riven  flowing  into  the  lake 
Aral  and  the  Caspian  sea.  Here  we  are  situated  on  the  widely  extmded 
elevation  of  India,  in  the  neighbourhood  of  the  sources  of  the  Indus :  and, 
lastly,  in  our  way  from  hence  towards  Kanischatl^a,  we  leave  the  Jcnisei 
and  Lena  on  the  left,  and  the  Ganges^  the  Kiang  Kew,  the  Uoangho,  and 
the  Amur  tu  tiie  right. 

The  direction  of  the  most  con^ipicuous  mountains  is,  however,  a  little 
different  from  this,  the  principal  chain  first  constitutes  the  Pyrenees,  and 
divides  Spain  from  Francfl^  th^  passes  through  Vlvarais  and  Anvergne,  to 
join  the  Alpe^  and  through  the  south  of  Germany  to  Dahnatia,  Albania, 
and  .Maoedonia ;  it  is  found  again  beyond  the  Euxine^  under  the  nameo  of 
Taurus,  Caucasus,  and  Imaus,  and  goes  on  to  Tartaryand  to Ksmsdiatta* 
The  peninsula  of  Intlia  is  divided  from  north  to  south  by  the  mountains 
of  Gate,  extending  from  the  extremity  of  Caucasus  to  (';!pc  Comorin.  In 
Africa,  Mount  Atlas  stretches  from  Vvz  to  Ei;yj»t,  and  the  minmtainsof 
the  moou  run  nearly  in  the  same  direction  ;  tliere  is  also  a  c*jahidcrable 
elevation  between  tlic  iSiie  and  the  Red  Sea.   In  the  new  world,  tlie  ueigh- 


Digitized  by  Google 


ON  OEOaRAPHY.  4» 

bourlioud  uf  tke  \n  eaterii  coast  is  in  general  tlie  most  elevated  ;  in  North 
America  the  Blue  moimtains,  or  Stouy  luouuUiiuii,  aie  tlie  moat  consi- 
denble ;  and  the  mountains  of  Mexico  join  the  Andes  or  Cordeliers,  whicii 
ttM  oonttmud  along  the  wiude  of  the  WMt  coast  .of  Saitfli  Amarka. 

Than  an  atronl  pdnta  •in  boUi  hemiapharea  firom  whteh  we  may 
obawva  rivaia  iefaxirti«g  to  ran  to  dUSaicnt  aaaa;  aaeh  an  SwieaerlamI* 
BJeloaaRiv  Tattaij,  IJttU  Tibat»  Nigfitia  or  Gaiiiaa»  and  Qnito.  Tha 
hig^icii  monntaina  an  ChimlMwafao  and  aova  athaia  of  the  Conialian  in 
Peru,  or  perhaps  Descabesado  in  Chili,  Mont  Blanc,  and  the  Peak  of  Tene- 
riffe.   Ghimbora^ao  is  about  7000  janls,  or  nearly  4  miles,  above  the  level 
of  the  sea  ;  Mont  Blanc  5000,  or  nearly  3  miles;  the  Peak  of  Tenerifie 
about  4000,  or  2,  miles  and  a  quarter ;  Opliir,  in  Sumatra,  is  said  to  be  • 
6  or  6  hundred  feet  liiirher.    It  has,  howevfr,  been  aswrted  that  some  of 
the  snowy  mountains,  to  the  north  of  Bengal,  are  hight  r  than  any  of  those 
of  South  America.    The  plains  of  Quito,  in  Peru,  are  so  much  elevated, 
that  the  barometer  stands  at  tlie  height  of  15  inches  only,  and  the  air  is 
reduced  to  half  its  usual  density.    But  none  of  these  lieighta  is  ei|ual  to 
a  thousandth  part  of  the  earth's  seiuidiameter,  and  the  greatest  of  them 
might  be  repieaentad  on  a  rix  inch  globe  by  a  single  additional  thidman 
of  the  paper  wtfli  which  it  b  ooTend.  Konnt  Sinai  in  Japan,  Mount 
Canoaaoi^  £tna»  tha  Southern  Vynrnta,  St  Goofgo  among  tha  Ann% 
Moimi  Adam  in  (kjhv^  Al]a%  Olympui^  and  Tanrna  an  aiao  high 
mountaina;  and  then  an  aoma  ngj  eon«denhla  eleTationa  in  tha  island 
Owhyhee.  Ben  Neris,  in  SooUand,  ia  the  bitieet  of  the  British  hills,  hut 
its  height  is  considerably  less  than  a  mile.   (PUte  XXXVIII.  Fig.  619.) 

The  most  elevated  mountains,  excepting  the  summlta  of  Yohsanoa,  con- 
sist of  rocks,  more  or  less  mixed,  without  regular  order,  and  commonly  of 
granite  or  porphyrj'.  Thef«e  aro  called  primary  mountains;  they  run 
generally  from  east  to  west  in  the  old  world,  and  from  north  to  south  in 
the  new  ;  and  many  of  tliein  ;ii  e  observed  to  be  of  easier  ascent  on  the  east 
than  on  the  west  side.  The  secondary  mountains  accomj  ini y  them  in  the 
same  direction,  they  consist  of  strata,  mostly  calcarious  and  argillaceous, 
that  is,  of  the  nature  of  liuiestone  and  clay,  witli  a  few  animal  and  veg^ 
table  remains,  in  an  ol^ure  form,  together  with  salt,  coaLs,  and  ■o^hnr* 
Tha  iaitiaiy  mountaina  an  alillBniaUer;  and  in  these^  animal  and  Y^gelalilo 
lamidns  an  ymy  abondant ;  they  oonriat  chiafiy  of  limestone,  maihk^ 
alaliaoler,biiildinjgatone^nuUatone^anddia]k,  withbcdaof  ilin  When 
the  aaoondaiy  and  tartiaix  monntaina  an  inteneoted  by  Tallies^  tha  oppo- 
iHe  strata  often  comapond  at  equal  height^  aa  if  the  valliea  had  been  cut 
or  washed  from  between  them,  but  sometimea  the  mountaina  hare  their 
sknta  disposed  aa  if  they  had  been  elevated  by  an  internal  force,  and  their  • 
summits  had  afterwards  crumbled  away,  the  strata  which  are  lowest  in  the 
plains  bcint?  highest  in  the  mountaitrs.  The  strata  of  these  mountnins  are 
oftt'n  intermixed  with  veitin  of  metal,  running  in  all  possible  directions, 
and  occupying'  vacuitiesi  which  appear  to  be  of  somewhat  later  date  than 
the  original  foraiation  of  the  mountains.  The  volcanic  mountains  intcr- 
ropt  those  of  every  other  description  without  any  regularity,  as  if  their 
origin  were  totally  independent  of  that  of  all  the  rest. 
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The  internal  Aonttittttion  of  Ibn  ewth  is  Uttle  known  from  aetul 
obiervttUoii,  for  the  depths  to  which  we  have  penetrated  are  comparativeljr 
▼ery  inconsiderable^  tfatt  deepest  mine  scarcely  deeoending  half  *  mile  per- 
pendicularly. It  appears  that  the  strata  are  more  commonly  in  a  direction 
nearly  horizontal  than  in  any  other;  and  their  thulv'Tiess  is  usually  almost 
equable  for  some  little  distance  ;  Lut  they  arc  not  disposed  in  the  order  of 
their  specific  gravity,  and  the  opiuiuu  of  their  following  each  other  iu  a 
similar  series,  throughout  the  greater  part  of  ihe  globe,  appears  to  rest  on 
very  slight  foundations. 

From  obeerratiomi  on  the  attraetiott  of  the  mountain  ShehaUion,  Dr. 
Uaskeljne*  inferred  the  aetual  mean  density  of  the  earth  to  he  to  that  of 
water  as  4^  to  1,  judging  from  the  probable  density  of  the  intemHl  sub- 
stance of  the  moantain,  which  he  supposed  to  be  a  solid  rock.  Mr. 
Cavendish  t  has  conrhidcd  more  directly,  from  experiments  on  a  mass  of 
lead,  that  the  mean  density  of  the  earth  is  to  that  of  water  as  to  1. 
Mr.  Caveiidish'H  expeniueut.H,  which  were  perfunned  witli  tlie  a]ij>arai«s 
invented  and  procured  by  the  late  Mr.  Michell,  appear  to  have  been  con- 
ducted with  all  possible  accuracy,  and  must  undoubtedly  be  pnefefred  to 
condnsiona  drawn  from  the  attraction  of  a  mountain,  of  which  the  intnmal 
parts  are  perfectly  unknown  to  ua,  except  by  conjecturas  founded  on  ite 
external  appearance.  Supposing  both  series  of  experiments  and  calcula- 
tions free  from  error>  it  will  only  follow  that  the  internal  parts  of  Shehal- 
lion  are  denser,  and  perhaps  more  metallic,  than  was  before  imagined. 
The  density  assia^ned  by  Mr.  Cavendish  is  not  at  nil  preatcr  than  might  he 
conjectured  from  observations  on  the  vibration!*  of  i>i  iidulums ;  Newton 
had  long  ago  advanced  it  as  a  probable  supposition  that  the  mean  density 
of  the  earth  might  be  about  5  or  6  times  an  great  ah  that  of  water,  and  the 
perfect  agreement  of  the  result  of  many  modem  experiments  wi&  this  eon- 
jecture  afibrds  us  a  new  proof,  in  addition  to  many  others^  of  the  soeDracy 
and  penetration  of  that  illustrious  pbiloeopher.  t 
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ON  THE  TIDES. 

TuK  form  and  t»truclure  uf  the  solid  parts  uf  the  globe  have  atforded  but 
hw  lemarkable  ftstons  cspabla  of  ftnesting  oor  attentioii,  except  thf 
gcncni)  dSatributkm  of  land  and  water,  and  tin  pennanent  diffnenees  of 
dcTation  of  diffnent  parte  of  the  earllu  But  the  eea  eachibite  a  aotes  of 

^lenoBieua  far  more  interesting  to  the  mathematical  philosopher,  bocaoia 
they  admit  of  a  methodical  investigation,  and  of  a  deduction  from  general 
canses,  tlie  action  of  whicli  may  be  traced  in  detail.  For  the  height  of  tlie 
surface  of  the  sea  at  ^vy  i/wcn  })hice  is  ol)servo(l  to  be  lial>le  to  perifxlical 
variations,  whicli  arc  liuuul  to  depend  on  the  n  lativo  ]>oi?ition  of  the  mouu, 
combiued  in  home  measure  witli  tliat  of  the  sun.  Tlte^e  variations  are 
called  tidea ;  they  were  too  obvious  to  eacapc  the  obeervation  vnn  of  the 
andentey  who  inhabited  oountriea  where  they  are  leait  consi^cuotia :  for 
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Arisfcolle  mentions  ikb  tides  of  tlw  northern  mm^  and  MMiki  tiwt  tiny 
▼aiy  with  the  moou,  an<I  are  less  conspieaoua  in  small  seas  than  in  tho 
oeesa:  Cmwr,  Stral^o,  Pliny,  Seneen,  and  Iboiobiaa  give  abo  tolerably 

acciirate  accounts  of  them. 

There  are  in  the  tides  three  on leis  of  phenomena  which  ;ii  e  st  )  irately 
diatiuguiiihable ;  the  first  kind  occurs  twice  a  day,  the  s<jcuitd  twice  a 
month,  and  the  ^ird  twice  a  year.  Every  day,  about  the  time  of  the 
moon's  passing  over  the  nraridian,  or  a  eertain  ntimber  of  honn  later,  the 
tea  beoomes  derated  above  its  mean  height,  and  at  fUs  time  it  ie  eaid  to 
be  high  water.  Tlie  elevation  anbttdea  by  d^;veee,  and  in  abont  rix  hoora 
it  is  low  water,  the  sea  haviiig  attained  ite  greatest  depression ;  after  tills 
it  ri^3  again  when  the  moon  paseee  the  meridian  below  the  horizon,  so 
that  the  ebb  ami  flood  occur  twice  a  dav,  but  become  daily  later  and  later 
by  al)Out  50i  niiimte?,  which  is  the  pxceasof  a  lunar  day  above  a  solar  onfl^ 
since  2Bi  lunar  days  aitj  nearly  equal  to  29^  j^olar  ones. 

The  second  phenomenon  iti,  that  the  tides  are  sensibly  increased  at  the 
time  of  the  new  and  full  moon ;  this  increase  and  diminution  constitute 
the  spring  and  neap  tides;  the  augmentation  beoomee  alao  still  more 
observable  when  the  moon  is  in  its  perigee  or  neaieet  the  earth.  The 
loweet  ae  weQ  aa  the  highcet  vrater  is  at  the  time  of  the  spring  tidee ;  the 
neap  tides  neither  liee  so  high  nor  fall  so  low. 

The  third  phenomenon  of  the  tides  is  the  augnnentation  which  occurs  at 
the  time  of  the  {  ([uinoxes ;  so  that  the  greatest  tides  are  wheii  a  new  or 
full  moon  happens  near  the  eciuinox,  while  the  moon  is  in  its  perigee.  The 
effects  of  these  tides  are  often  still  more  increased  by  tlie  equinoctial  winds, 
which  are  sometimes  so  powerful  as  to  produce  a  greater  tide  before  or 
after  the  eqninox,  than  that  which  happens  in  the  usual  conrM^attfae  time 
of  the  equin<«  itedfl 

Theee  nmple  £wte  are  amply  anffident  to  eetaUiah  the  d^pendenee  of  the 
tides  <Hi  the  moon;  they  were  first  correctly  explained  by  Newton  as  the 
necessary  consequences  of  the  laws  of  gravitation,  but  the  theory  has  been 
still  further  improved  by  the  lal>oiir*<  of  later  mathematicians.  The 
whole  of  the  investigations  has  l>een  considered  as  tlie  most  difficult  of  all 
astronomical  problems ;  !M)me  of  the  circumstances  depend  on  causes 
which  must  probably  remain  for  ever  unknown  to  us;  and  unless  we 
oottld  every  where  measure  the  depth  of  the  sea»  it  would  be  impoesible  to 
apply  a  theory,  even  if  abeolntety  peiftel^  to  the  edntioiiof  every  diflionlty 
that  might  oecur.  A  veiy  iiyudidoae  attempt  has  been  made  to  refer  the 
phenomena  of  the  tides  to  causes  totally  different  from  these,  and  depending 
on  the  annual  melting  of  the  polar  lee ;  the  respectability  of  its  author  ie 
the  only  claim  which  it  possesses  even  to  ]>e  mentioned ;  and  a  serious 
confutation  of  so  groundlep''  nn  opinion  would  be  perfectly  sufierflnmi*?. 

A  detached  portion  of  a  fluid  would  naturally  assume,  by  its  mutual 
gravitation,  a  spherical  form,  but  if  it  gravitate  towards  another  body  at 
a  distance,  it  will  become  an  oblong  spheroid  of  which  the  axis  will 
point  to  the  attmeting  body ;  for  the  diSinwee  of  the  attraetioD  of  tiiis 
body  on  ite  dillerent  parte  wiU  tend  to  eepaiate  them  Irom  eech  other  in 
the  giealeet  part  of  the  epbere»'  thatli^  at  all  pUma  vrithin  the  angular 
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distance  of  from  the  line  pasiing  through  Uie  attracting  buiiy,  either 
in  the  nearer  or  in  the  remoter  hemisphere;  bitt  to  ur-x'  them  to- 
wards the  centre,  although  with  a  smaller  force,  in  the  remaiiiin;j;  part. 
Uence,  in  order  tlmt  there  may  be  an  equilibrium,  the  depth  of  th«  fluid 
moat  be  greatest  when  He  g:FaTitetioD,  thus  eompoeed,  U  Imet ;  that  ie»  in 
the  line  dfanetod  towaida  the  attnMSting  Ytody,  and  it  may  be  ehown  that  it 
niiiet  aeeiune  the  fbtm  of  an  obloDg  elliptic  eplieiold. 

If  the  earth  wete  whotlj  UmAy  and  the  eeme  part  of  ite  enifiwe  wen 
always  tuned  towatde  the  moon,  the  pole  of  the  spheroid  being  imme- 
diately under  the  moon,  the  famar  tide  would  mnain  stationary,  the 
greatest  eleration  being  at  the  points  nearest  to  the  moon  and  furthest  inm 
her,  and  tlie  greatest  depression  in  the  circle  equally  distant  from  these 
points  ;  the  elevation  being,  however,  on  acconnt  of  the  b'maller  surfaee  to 
which  it  is  confined,  twice  as  great  us  the  depreBsion.    The  ftctiml  height 
of  this  elevation  would  probably  be  a)M>ut  40  inches,  and  the  depression  20, 
Uiuking  together  a  tide  of  5  feet.    If  also  the  waters  were  capable  of 
assnminfiT  inRtantly  such  a  form  as  the  eqiiilibrium  wuuld  require,  the 
summit  of  a  spheroid  equally  elevated  would  still  be  directed  towards  Uiu 
moon,  Qotwittutanding  the  earth's  rotation.    This  may  be  called  the 
piimitiTe  tide  of  the  oosan ;  bat  on  aeoonnt  of  the  perpetual  -ehange  of 
piaee  wUeh  is  required  for  the  aoeomnu>diilion  of  the  eaffim  to  a  simihur 
poeitiott  with  nspeetto  the  moon,  as  the  esxCh  n?oh«i^  the  form  mnst  be 
materiaDy  di£fonnt  from  that     saoh  a  spheroid  of  eqnifibrinm.  The 
foioe  employed  in  producing  this  aecenunodation  may  be  eettmaled  by 
oondderi]^  the  actual  soifM:e  of  the  sea  as  that  of  a  wave  moving  on  the 
l^liert^d  of  e^iilil)rium,  and  producing  in  the  water  a  sufhcient  velocity  to 
preserve  the  actual  form.   We  may  deduce^  from  this  mode  of  considering 
tfie  subject,  a  theory  of  the  tides  which  api>ears  to  be  more  simple  and  satis- 
factory than  any  wliieh  has  yet  been  published  ;  and  by  cnjnparing  the 
tides  of  narrov.  rr  seas  and  lakes  with  the  motions  of  pendulums  suspended 
on  vibrating  centres,  we  may  extend  the  theory  to  all  possible  cases. 

If  the  centre  of  a  pendulum  be  made  to  vibrate,  the  vibrations  of  the 
pendulum  itself,  when  they  have  arrived  at  a  state  of  permanence,  will  be 
performed  in  the  same  time  with  tiMse  of  ilie  centn  ;  but  the  motion  of  tlie 
pendnlnm  will  be  either  in  the  same  dinetbn  with  that  of  the  centre,  or  in 
a  oontnfy  direction,  acocndiagly  as  the  time  of  this  ftmed  Tibnlion  ia 
longer  or  shorter  than  that  of  the  natonl  nbrstion  ef  the  pendnlnm ;  and 
in  tiie  same  manner  it  may  be  shown  that  the  tides  ^tiier  of  an  open  ocean 
or  of  a  confined  lake  may  be  either  direct  or  inTCfled  with  nepeet  to  the 
primitive  tide,  which  would  ho  produced  if  the  waters  always  assumed  the 
form  of  the  .s|)heroid  of  equilibrium  according  to  the  depth  of  the  ocean, 
and  to  the  breadth  as  well  as  the  depth  of  tlio  hike.  In  the  case  of  a  direct 
tide  the  time  of  the  passage  of  the  luminal  v  n\ » i  tiie  meridian  must  coin- 
cide with  that  of  ki^  water,  and  in  the  case  of  an  inverted  tide  with  that 
of  low  water. 

In  order  that  the  luu  ir  tides  of  an  open  ocean  may  be  tiirect,  or  synchro- 
nous, its  depth  iiui^t  be  greater  than  13  milc^i,  and  for  the  holar  tides  than 
li.   The  less  the  depth  exceeded  these  limits,  the  greater  the  tides  would 
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be^  and  in  «li  caaes  they  would  be  greater  than  the  primitive  tides.  Bui  in 
fact  the  height  ef  the  tides  in  the  open  oesan  is  always  fisr  short  of  that 
vhieh  would  be  produced  in  this  manner;  it  is  therefore  improbable  that 
the  tides  an?  ever  direct  in  the  open  oceaa»  and  that  the  depth  of  tlie  sea 

is  80  great  as  I.'?  in  ilea. 

In  order  that  the  height  of  the  inverted  or  remote  lunar  tides  may  be  five 
feet,  or  equal  to  tliat  of  the^priuiitive  tides,  the  depth  of  the  open  sou  must 
be  6|  miles;  and  if  the  height  ouly  two  feet,  which  in  perhapt»  not  far 
ftotn  the  truth,  the  depth  must  be  8  miles  and  five  sevenths. 

Tlie  tides  of  a  lake  or  narrow  sea  diffw  materiaUy  from  tiioss  of  the  open 
oeean,  sines  tlie  hdght  of  the  wstsr  scareely  undeigoes  any  Taiiation  in  tlia 
middle  of  the  lake ;  it  must  always  be  high  water  at  tlie  eastern  extremity 
when  it  is  low  water  at  the  western ;  and  this  must  happen  at  the  time 
when  tlie  jdaces  of  hif^h  and  low  water,  with  respect  to  the  primitive 
tides,  are  equally  di^at  from  the  middle  of  the  l&ke.  (Plate  XXXVIII. 
Fig.  520.) 

The  tides  may  be  direct  iu  a  lake  100  fathoni«»  deep  and  less  than  8 
degrees  wide ;  but  if  it  be  much  wider,  they  must  be  inverted.  Supposing 
thedeplh  a  mile,  they  wiU  be  direet  when  the  breadth  is  less  than  26^;  bnt 
if  a  sea,  like  the  Atlantie,  were  AO  or  00  degrees  wide^  it  must  be  at  least 

four  miles  deep,  in  order  that  tlie  time  of  h^  water  m^i^t  eoincide  with 

tliat  of  the  moon*8  southing. 

Hitherto  we  have  considered  the  motion  of  the  water  as  free  fn  in  all 
resistance  ;  but  where  tlie  tides  are  direet,  they  must  be  retarded  by  the 
e&ect  of  a  resistance  of  any  kind  ;  and  wliere  they  are  inverted,  they  must 
be  accelerated  ;  a  smaii  resistance  producing,  iu  both  cases,  a  considerable 
difiference  iu  the  time  of  high  water. 

Where  a  considetahie  tide  is  obswred  in  the  middle  of  a  limited  portion 
of  the  sea,  it  must  be  derived  from  the  eflfect  of  the  elevation  or  depression 
of  the  oeean  in  ite  neighbourhood ;  and  soch  derivative  tides  arc  probably 
combined  in  almost  all  cases  with  the  oscillations  belonging  to  each  parti- 
cular branch  of  the  sea.  Mr.  Laplace  supposes  that  the  tides,  which  are 
oUsorved  in  the  i!i'»>.t  exposed  European  harbours,  are  produced  almost 
entirely  by  the  traiibuii^jsion  of  the  effect  of  the  main  ocean,  iu  about  a  day 
and  a  half ;  hut  this  opinion  does  not  aj>pear  to  he  justified  by  observation  ; 
for  the  interval  l)etween  the  times  of  the  high  water  belongiiig  to  the  name  tide, 
in  any  two  places  betwesn  Brest  and  the  Cape  of  Good  Hope,  has  not  been 
observed  to  exceed  about  twelve  hours  at  most;  nor  can  we  trsee  a  greater 
diSetence  by  comparing  the  state  of  the  Udes  at  the  more  ezpossd  sitnalions 
of  St.  Helena,  the  Cape  Vwd  Islands,  the  Canaries,  the  Madeiras,  and  the 
Azores,  which  oonslitnte  sneih  a  succession  as  might  be  ezpeeted  to  have 
indicated  the  progress  of  the  principal  tide,  if  it  had  been  such  as  Mr. 
Laplace  supposes.  The  only  part  of  the  ocean  which  we  can  consider  as 
completely  open,  lies  to  the  south  of  two  great  continents,  chiefly 
between  tlie  latitudes  and  7*>°  sioutii,  and  the  original  tide,  wliich  hap- 
jftm  in  Ale  widely  extended  ocean,  where  its  depth  is  sufficiently  unifonn, 
must  take  place,  according  to  the  theoty  which  has  been  advanced,  at  some 
time  before  the  sixth  lunar  hour.  It  ssnds  a  wave  into  the  Atlantic^  which 
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is  perhaps  18  w  13  hours  in  Urn  pamgf  to  the  eoMt  of  Fteaee,  but  ecr- 
ti^nly  not  more.  Thin  tide,  which  would  tiappen  aithe  dxth  lunar  hour 
after  the  moon*s  transit,  if  there  were  no  resistance,  is  probably  so  dbecked 
by  the  lesistancey  that  the  water  begins  to  subside  about  the  fourth,  and  in 

some  seas  even  somewhat  earlier,  althouirb  in  others  it  may  follow  more 
nearly  its  natural  course.  There  is  scarcely  a  sinu'lo  instance  x\  hii  h 
favours  the  «u]ipof^iti<)n  of  the  tiinf  of  hijrh  water  in  the  open  sea  ht'in^ 
within  an  hour  of  the  moon's  southing,  as  it  must  be  if  tlie  depth  wer© 
very  great ;  so  that  neither  the  heijrbt  of  the  tides  nor  the  time  of  hij^h 
water  wiU  allow  us  to  suppose  tlie  sea  any  where  quite  so  deep  as  4 
milos. 

The  tide  entering  the  Atlantic  appeare  to  adfiaee  nortliwaida  at  tiie  late 
of  about  500  milee  an  hour,  correeponding  to  a  depth  of  about  3  mfle%  so  * 
as  to  leadi  Siena  Leone  at  the  8th  hour  after  tlie  moon'e  sonthiiig ;  tliis 
part  of  Afrioa  being  not  veiy  remote  from  tlie  meridian  of  the  middle  of 
the  south  Atlantic  ocean,  and  having  little  share  in  the  primitlTe  tides  of 
tliat  ocean.  The  southern  tide  seems  then  to  pass  by  Cape  Blanco  and 
Cape  Bojador,  to  arrive  at  Gibraltar  at  the  13th  hour,  and  to  unite  its 
eCTecta  with  those  of  other  tides  at  various  parts  of  the  coast  of  Europe. 

We  may  therefore  consiiler  the  Atlantic  as  a  detached  sea  about  3500 
miles  broad  and  li  miles  deej)  ;  and  a  sea  of  tliese  dimeufsions  is  vn^roptihle 
of  tides  considcrahly  Inre»^r  than  those  of  the  ocean,  hut  hmv  inin  li  l-iri^er 
we  cannot  doterininc  without  more  accurate  measures.  Tin  ti  les  would 
•  happen  on  the  European  coasts,  if  there  were  no  resistaiK f,  ;i  little  less 
lima  five  hours  after  the  moon's  southing,  and  on  tlie  coast  of  America,  a 
little  more  that  seren  hours  after ;  but  the  resistance  opposed  to  the  motion 
of  the  sea  may  easily  aeeekiata  Uie  time  of  hijj^  water  in  both  eases  about 
two  honn^  so  that  it  may  be  a  littie  before  tlie  tliird  hour  on  the  western 
coasts  of  Europe  and  of  Africa,  and  before  the  fifth  on  the  most  exposed 
parts  of  the  eastern  coast  of  America ;  and  in  the  whole  of  the  Atlantie^ 
this  tide  may  be  combined  mora  or  less  both  with  tlie  general  southern 
tide,  and  with  the  partial  effects  of  local  derations  or  depressions  of  the 
bottom  of  the  sen,  which  may  cause  irregularities  of  various  kinds.  The 
southern  tide  is,  however,  probably  less  considerable  than  has  sometimes 
been  supposed,  for,  in  the  latitudes  in  which  it  must  orijrinate,  the  extent 
of  the  elevation  can  only  he  half  as  htcpA  as  at  the  equator  ;  and  the  Islands 
of  Kercrulen's  Land  and  South  fieor^'ia,  in  the  latitudes  ahout  .50"  and 
.V)®,  have  their  tides  delayed  till  the  10th  and  llth  hours,  apparently 
because  they  receive  them  principally  from  distant  parts  of  the  ocean, 
which  are  nearer  to  the  equator. 

On  the  western  coasts  of  Europe,  from  Ireland  to  Cadiz,  on  those  of 
Africa,  from  Gape  Coast  to  the  Gspe  of  Good  Hope,  and  on  the  coast 
of  America^  from  Califotnin  to  the  streighta  of  Magrilan,  as  well  as  in  the 
neighbouring  island^  it  is  usuaUy  high  water  at  soms  tame  between  two 
and  four  hours  aftsr  the  moon's  soutliing ;  on  the  eastem  coast  of  South 
America  between  four  and  nx,  on  that  of  Korth  America  between  seren 
and  eleven  ;  and  on  tlio  eastem  coasts  of  Asia  and  Now  Holland  between 
four  and  eight.  The  Society  isUnde  are  perhaps  too  near  the  middle  of  the 
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Pacific  ocean  to  j'Mitalvr  ot  ilie  t-tVecU  of  its  pi-iiuitive  tide,  am!  thvirtide, 
beLnj<  -secondary,  is  probably  fur  this  reason  a  few  liourii  laU  i.  At  tlie 
AlniirauteM,  uear  the  eaaieru  coast  of  Africa,  the  tide  is  at  the  ttixtli  hour  ; 
but  tlMtt  mtm  to  be  somfl  imgukrito  ia  ihi.  tUletol  the  Miglibottriug 
iakndg. 

Th*  fngnm  of  »  tida  mt^  b*  trj  dfittiwllj  Inttd  inm  iteww«»  t» 
tks  oomh  Into  the  narrow  and  sliallow  branches  of  the  Ma  which  ooMttkoie 

oar  channels.  Thus  tlie  tide  is  an  hour  or  two  later  at  th«  SeiUy  lalaodfl 
tlinn  iu  the  Atlantic,  at  Plymouth  three,  at  Cork,  Bristol,  and  We\Tnonth 
four,  at  Caeu  and  Havre  nix^  at  Dublin  ami  Brighthehnstone  seven,  at 
Bouloe^ne  and  Liverpool  eiq^ht,  at  Dover  near  nine,  at  the  Nore  eleven,  and 
at  London  bridge  twelve  and  a  half.  Another  portion  appears  to  proceed 
•  loond  Lrdaiid  and  Seotlandi&to  tha  Iforlh  Sea ;  it  stnrm  firomtha  Atlantic 
at  Itoodondeny  in  about  time  houv^  at  the  Oikneya  In  tiacy  at  Abcfden 
in  elafen,  at  Leith  in  fowteni^  at  Leoetofie  in  twenty,  and  at  tba  Nora  in 
aboat  twenty-four,  so  as  to  meet  there  the  subsequent  tide  coming  from 
the  south.  From  the  time  occupied  by  the  tide  in  travelling  from  the 
mouth  of  the  English  elmnnol  to  Bouloj^ne,  at  the  rat<:*  of  about  50  miles  an 
honr>  we  nmy  calculate  that  the  mean  depth  of  the  cb  mncl  is  about  2i5 
fathonj:^,  in  K  pendontly  of  tlie  inafjnitiide  of  the  resistances  of  various 
kinds  to  lie  overcome,  which  require  us  to  suppose  the  depth  from  30  to  40 
fathoms.  In  the  great  river  of  Amazons,  the  effects  of  the  tides  are  still 
ieneibleatthe  itr^hte  oi  Paoxie,  MO  mike  from  the  tea,  after  an  intenral 
of  eereral  days  spent  in  thdr  peweege  up ;  for  the  dower  progreenTo  motion 
of  tbe  water  no  more  impedee  the  pvogDees  of  a  wave  against  tha  stream* 
than  the  velocity  of  the  wind  prevents  the  transmiaeioa  of  eonnd  in  a  oon* 
trary  direction.    (Pkte  XXXVIII.  Fig.  52L) 

Siich  are  the  general  t)utli!ioM  of  the  lunar  tides  ;  th' y  are,  however,  liable 
to  a  great  variety  of  moditications,  besides  their  combination  witli  the  tides 
produced  by  the  sun.  When  the  moon  is  oxat  tly  over  the  equator,  the 
highest  part  of  the  remoter,  or  inferior,  as  well  as  of  the  nearer  or  superior 
tides,  pMBM  abo  owr  the  equator,  and  tfaa  elibct  of  the  tida  in  vazioiia  lati- 
tudM  deeteasee  gnduaUj  hom  tha  equator  to  the  pol%  whafa  it  TaoidiiBa ; 
but  when  the  moon  has  north  or  eonth  declination,  the  two  cpponte 
tnmmits  of  the  spheroid  describe  parallels  of  lalifaide^  remaining  alwajra 
diametrioeily  opposite  to  each  other.  Hence  the  two  successive  tides  must 
be  unequal  at  every  place  except  the  equator,  the  trre.nter  tide  happening 
when  thr  nearer  elevation  pf\«ses  its  meridian  ;  nu  l  tlir  nican  bi  tween  both 
is  somewhat  smaller  than  the  equal  tides  whicli  jiai  itt^u  when  the  moon 
passes  the  equator.  This  inequality  is,  however,  much  le^s  coiisiderabk 
than  it  would  be  if  the  sea  aaenmed  at  once  the  form  af  the  spheroid 
of  eqniUbrian;  and  tha  most  probaUa  reaaoaa  for  this  eiianmetanoe^  ax^ 
ifit»  that  onr  tidea  are  partly  derived  fx«m  the  eqnatoorial  seas ;  eeoondly, 
that  tha  affiMto  of  a  preceding  tUa  ua  in  some  measure  continued  so 
as  to  influence  the  ha^t  of  «  succeeding  one;  and,  thirdly,  that  the 
tides  of  a  narrow  sea  are  less  affected  by  its  latitude  than  those  of  a  wide 
ocean.  The  heig^ht  of  tho  •^n  nt  low  water  is  the  «?nne  -wliatever  ths 
moon's  declination  may  be.   There  if  also  a  slight  tUfference  iu  the  tidfSy 
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Mea»diiig  to  Hit  ybee  of  the  moon's  nod«^  wUeh  allows  her  declination  to 
be  greater  or  less,  and  Uib  difference  is  most  observable  in  high  latitn 
for  instance,  in  Iceland  ;  stnce,  in  the  ne^hboiurhood  of  tha  pdca^  the  tidea 
deppfifl  almost  entirely  on  the  declination.  * 

In  all  these  cases,  the  Inw  of  the  eleA'ation  anr^  flpprf^^'ion  of  each  ti<le  mny 
be  deri\ oH,  like  tliat  tlit'  \  iliratioii«  of  a  ]X'iid\ihim  :uul  of  a  balance,  from 
the  uuifoiui  motion  of  a  point  in  a  circle.  J  ims,  if  we  conceive  a  circle  to 
be  placed  in  a  vertical  plane,  having  its  diameter  equal  to  the  whole  mag- 
nitude of  the  tide,  and  loueiung  the  surface  of  the  sea  at  low  water,  the 
point,  in  whidi  the  surface  meets  the  circumference  of  the  circle,  will 
•dTaaee  with  a  vnifonii  molloii»  so  that  if  tht  drda  be  Prided  into  It 
pMrta»  the  point  wiU  pSM  over  eadi  of  thoie  parte  in  a  lunar  boor*  It  ' 
■o«— timia  bappena,  hofwtmt,  in  oonlbwd  ritnatiottiy  that  tho  rin  and  fUl 
«f  tiia  water  defiatoa  oonndmblj  from  thia  law»  and  tha  tide  riaea  aome- 
wiiat  more  rq»idly  than  it  laUa ;  and  in  lirni^  for  example  in  the  Serem, 
the  tide  frequency  adrances  suddenly  witii  a  head  of  several  feet  in  height. 
These  deviations  probably  «kprMir1  on  Uie  magmtade  of  the  actual  displace- 
ment of  the  water,  which  iu  such  caaea  Itean  a  eonaiderable  proportion  to 
the  velocity  of  the  tide,  while  in  the  open  ocean  a  very  minute  progressive 
motion  is  sufficient  to  produce  tlie  whole  elevation.  The  actual  progress  of 
thv  tides  may  be  most  conveniently  observed,  byrnt  aii^  of  a  pipe  descending 
to  some  distance  below  the  surface,  so  as  to  ho  l  eyond  the  reach  of  super- 
ficial agitations,  and  having  within  it  &  tloat,  C4irrying  a  wire,  and  indicating 
the  he%ht  of  the  water  on  a  scale  properly  divided. 

We  have  hitherto  considered  the  tides  so  far  only  as  they  are  occasioned 
bgr  the  moon ;  but  in  fiMt  the  tide%  aa  they  actually  exist,  depend  alao  on 
the  aetion  of  the  eun,  wliidi  prodneea  a  aeriee  of  effbets  precisely  similar  to 
thoee  of  the  moon,  ahhoigh  nraeh  leas  eonapicuoQi^  on  aoooant  of  the 
gieaier  diatanee  of  the  ran,  the  eolar  tide  being  <nily  about  two  flftha  of  the 
lnnai«  Theie  tidea  take  place  independently  of  each  other,  neailj  inrthe 
aame  degree  as  if  botii  were  single  ;  and  the  combination  rraulting  fiem 
them  is  alternately  increased  and  dinnni8hed,accordinglyaa  they  agree,  or 
^iaagree^  with  respect  to  the  time  of  liigfa  water  at  a  given  place  ;  in  the 
eame  manner  as  if  two  series  of  waves,  equal  among  themselves,  of  which 
the  breadths  are  as  29  to  30,  be  supposed  to  pass  in  the  same  direction  over 
the  surface  of  ^  finid,  or  if  two  <?o!inds8imiLirlv  related  be  heard  at  the  same 
time,  n  pfriodicnl  increase  and  diminution  of  the  joint  effect  wiii  in  either 
case  be  produrtMJ.  Hence  are  derived  the  spring  and  neap  tides,  the  effects 
of  the  sun  and  moon  Iti  in^  uniti  d  at  the  times  of  conjunction  and  oppo- 
sition, or  of  the  new  and  full  moon,  and  opposed  at  the  qnadntorM^  ortaft 
and  last  quarters.  The  high  tidee  at  the  timea  of  the  aqninoxea  arc  pii»> 
dneed  by  the  joint  operatfen  of  iha  aim  and  moon,  wlien  both  of  them  are 
80  aitaated  aa  toaot  more  poweiAJly  than  tlsewheie. 

The  lunar  tide  bony  much  larger  than  tlie  eobr  fide,  it  mutt  atwaya 
deleimiiie  the  time  of  high  ^nd  tow  water,  whidi,  in  the  apiing  and  neap 
tidea,  nmaina  nnalteied  by  the  effect  of  the  sun ;  so  that  in  the  neap  tides, 
the  actual  time  of  low  water  is  that  of  the  solar  high  water ;  but  at  the 
totomedteto  timei^  the  Inner  high  water  ia  more  or  leie  aooelerated  or 
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retarded.  The  progress  of  this  alt-eration  may  easily  he  tracctl  by  means  of 
a  simple  construction.  If  we  make  a  triangle  of  which  two  of  the  sides  are 
two  feet  and  £?•  feet  in  length,  the  extenal  angle  wUeh  they  fom  being 
*  equal  to  twice  the  diatanoe  of  the  Inminariefl^  the  thiid  sde  will  show  pre- 
eiaely  the  magnitude  of  the  oompovtnd  tide,  and  the  halvee  of  the  two 
anglrn  opposite  to  the  first  two  sides  the  acceleration,  or  retardation,  of  the 
times  of  high  water  belonging  to  the  sepaiate  tides  respectively.  Hence  it 
appears  that  the  <ircate.st  deviation  of  the  joint  tide  from  the  Imutr  tide 
am<niiits  to  1 1°  48'  in  lontritiT  lp,  and  the  time  corresponding,  to  47  minutes, 
supposing  the  proportion  ol  liie  forces  to  remain  always  the  same  ;  bnt  in 
fact  the  forces  increase  in  proportion  as  the  cubes  of  the  distances  of  their 
respective  lunUnaries  diminish,  as  well  as  from  other  eaneee ;  and  in  order 
to  detnrmiae  their  joint  effeete,  the  lengths  of  the  aides  of  the  triangle  must 
he  TBiied  aocordii^jr.  In  some  porla^  irom  a  oomlnnaUon  of  drenm- 
stances  in  the  channel^  by  which  tiie  tides  reach  them,  or  in  the  sea%  in 
which  they  originate,  the  influence  of  the  snn  and  moon  may  acquire 
a  proportion  somewhat  different  from  that  which  naturally  belongs  to 
them  :  tlms  at  Brest,  the  influence  of  the  moon  nppenrs  to  he  three  times  as 
great  as  that  of  the  sun  ;  when  it  is  usiuJiy  only  twice  and  a  half  as  great. 
(Plate  XXXVIll.  Fig.  622.) 

The  greatest  and  least  tides  do  not  happen  immediately  at  the  times  of  the 
new  and  foil  moon,  hnt  at  least  two,  and  commonly  thne  tides  after,  mrm 
at  those  places  which  are  most  immediately  exposed  to  the  eflheta  of  the 
genersl  tide  of  the  ocean.  The  theory  whieh  has  been  adranced  will 
afFord  us  a  very  satisfactory  rsason  for  this  circumstance ;  the  resistance 
of  fluids  in  general  is  as  tlie  square  of  the  velocity,  consequently  it  must 
be  much  greater  for  the  lunar  than  for  the  solar  tide,  in  proportion  to  the 
magnitude  of  the  force,  and  the  acceh^ration  of  the  lunar  tuie  j)rodnc<»4 
hy  this  cause  must  be  jt^reater  than  tiiat  of  the  solar ;  hence  it  may  ha})pcn 
that  when  the  luiiar  tide  occurs  two  or  three  hours  after  the  transit  of  the 
moon,  the  ndar  tide  may  be  three  or  four  hours  after  fliat  of  flie  sun, 
so  as  to  be  about  an  hour  later,  at  the  times  of  oonjunction  and  opposition, 
and  the  tides  will  be  highest  when  the  moon  pasKS  the  meridian  about  an 
hour  after  the  sun  ;  while  at  the  precise  time  of  the  new  and  full  moon,  the 
lunar  tide  will  be  retarded  about  a  quarter  of  an  hour  by  the  effect  of  the 
■  solar  tide. 

The  particnlnr  forms  of  the  channels,  throu^^h  which  the  tides  arrive  at 
diilercnt  places,  produce  in  them  a  great  vaiiety  of  local  modifications; 
of  which  the  most  usual  in,  that  from  the  convergence  of  the  bhor&i  of  the 
channels,  the  tides  rise  to  a  much  greater  lieight  than  in  the  open  sea. 
Thus  at  Brest  the  height  of  tiie  tides  is  about  20  feet,  at  Bristol  90,  at 
Chepstow  40,  at  St  Haloea  50;  and  at  Annapolis  Royal,  in  the  Bay  of 
Fnndy,  as  much  sometimes  as  100  feet ;  although  perhaps  in  some  of  these 
cases  a  partial  oscillation  of  a  lin  iti  1  portion  of  the  sea  may  be  an  imme- 
diate effect  of  the  attraction  of  the  luminary.  In  the  Mediterranean  the 
tides  are  generally  inconsiderable,  but  thc}'  are  still  perceptible  ;  at  Naples 
they  sometimes  amount  to  a  foot,  at  Venice  to  more  tlian  two  feet,  and  in 
the  Kuripus,  for  a  certain  number  of  d^ya  in  each  lunation,  they  are  very 
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distinctly  observable,  from  the  currents  wliicli  they  occaaion.  In  the  West 
Indies,  also,  and  in  the  gulf  of  Mexico,  the  lidMiure  leas  marked  than  in 
the  nelgfabonring  seas,  perhaps  on  teeomil  of  some  ownWnitioni  darived 
ftom  the  Tttriationa  of  tlie  depth  of  the  oeean,  and  fnm  the  diflerent 
chamielii  by  wlufh  they  are  propagated. 

In  order  to  andentaiid  the  more  readily  the  elleota  of  such  cgawtwiiatfonB^ 
we  may  imagine  a  eanal,  as  laiga  as  the  river  of  Artaaone,  to  eonmrani* 
eaie  at  both  iU  trtwrnities  with  the  ocean,  so  as  to  receive  at  eaeik  an  equal 
seHes  of  tides,  passing  towards  the  opposite  extremity.   If  we  suppose  the 
tidea  to  enter  at  the  aame  instant  at  boUi  ends,  they  will  meet  in  the  inirl(^](', 
and  continue  their  progress  without  interru})tion  :  precisely  in  the  midciie 
the  times  of  h]^h  and  low  water  belonginf^  to  each  series  will  always  coin- 
cide, an  1  thi  (tints  will  be  doubled;  and  the  same  will  happen  at  the 
points  where  a  tide  arrives  from  one  extremity  at  tiie  same  instant  that  an 
earlier  or  a  later  tide  comes  from  the  other  ;  but  at  tlie  inLeiinediate  points 
the  effects  will  be  Uiiraiui^hed,  and  at  some  of  them  completely  destroyed, 
where  the  high  water  of  one  tide  ooiaeldea  with  the  low  wrter  of  another. 
Tbib  IMm  at  the  port  of  Botiha  in  Tonkin  have  been  eiplainodlisr  Newton 
firmn  ooofliderationa  of  thia  natme.  InthiapotttfaefoiaonljoiMtMleina 
day ;  it  ia  high  water  at  the  uHi  lunar  hour,  or  at  tba  mooa'a  lottinf  , 
when  the  moon  hae  north  deoUnation,  and  at  her  rising,  when  ahe  has 
south  deelination ;  and  when  the  moon  haa  no  deeUnation  there  ia  no  tide. 
In  order  to  explain  thia  drcometanoe,  we  may  sepresent  the  two  unequal 
tides  which  happen  in  succession  every  day,  by  combining  with  two  equal 
tides  another  tide,  independent  of  them,  and  happening  only  once  a  day  ; 
then,  if  a  point  be  so  situated  in  the  cannl  which  we  have  been  considering, 
that  the  effe<-ts  of  the  two  equal  semidiunial  tides  may  be  destroyed,  those 
of  the  daily  tides  only  will  remain  to  be  combined  with  each  other  ;  and 
their  joint  result  will  he  a  tide  as  much  greater  than  either,  as  the  diagonal 
of  a  square  L>  greater  than  its  side  ;  the  times  of  higli  and  low  water  being 
intermediate  between  those  which  belong  to  the  diurnal  tides  consid^ed 
aeparately.  Thn^  in  the  port  of  Batih%  the  greater  tide  prohably  aniTea 
at  the  third  lonar  hour  direetly  from  the  Pledfie  ocean,  and  at  the  ninth 
froq>  the  gulf  of  Siam,  having  passed  between  Sumatra  and  Borneo;  eothat 
the  aetnal  time  of  high  waivia  at  the  sixth  Innar  honr.  The  magnitude  of 
this  compound  tide  ia  by  no  meano  inoonsiderahie  $  it  sometimea  amonnta 
to  as  much  as  13  feet.    (Plate  XXXVIII.       523,  524.) 

Bendes  the  variations  in  the  height  of  the  sea,  which  constitute  the  tides» 
a  current  is  observed  in  its  most  exposed  parts,  of  which  the  general  direc- 
tion is  from  east  to  west.  This  current  comes  from  the  Pacific  and  Indian 
oceans,  round  the  Cape  nf  Good  Hope,  along  the  coa^t  of  Afnra,  tlien 
crosses  to  America,  and  is  there  divided  and  reflected  suulliwanis  tovvard» 
the  Brazils,  and  northwards  into  the  (iulf  stream  which  travels  round  the 
gulf  of  Mexico,  and  proceeds  north  eastwards  into  the  neighbourhood  of 
Kewfouudlaad,  and  then  probably  eastwards  and  south  eastwards  once 
moie  acroes  the  Atlantic*  It  ie  perhapt-on  aeoomit  of  theea  enrrenta  that 
the^ed  Sea  ts  fonnd  to  be  abont  25  feet  higher  than  the  Meditemnean : 
their  direction  may  poeeibly  have  been  somewhat  changed  in  the  conne  of 
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many  ages,  anfl  with  it  the  level  of  the  Mediterranean  nlso  ;  since  the  floor 
of  th*'  cutlu'drul  ;it  llavenna  is  now  several  feet  lower  with  respect  to  the  sea 
than  it  is  sup]>ose(l  to  have  been  formerly,  ami  some  steps  have  heen  found 
in  the  rock  of  MaUa,  apparently  intended  for  ascending  it,  which  are  at 
present  under  water. 

The  atmosph«re  is  «1m  lialilft  to  tkfntioiw  and  dopiwiioiia  analogous  to 
thoee  of  the  sea,  and  periiaps  these  changes  may  hm  eofme  little  efiect  on 
ttie  winds  and  on  the  weather ;  but  Hbmit  inflnenes  most  be  very  inoon- 
aiderablf^  aanoe  the  addition  of  two  or  three  feet  to  the  height  vf  tho  atmo- 
sphere at  any  part  can  scaveely  he  expected  to  be  perceptible.  The  height  of 
an  aerial  tide  irmst  lye  very  nearly  the  same  with  the  obj^ervetl  height  of  the 
princi])a1  ti'^cs  of  the  sea  ;  an  l  tlir  variation  of  atmospherical  i)ressure,  which 
is  meas\ire«l  by  tlie  difVereiM  .  l)etwct'ii  the  actual  form  and  the  Hj)lier<iid  of 
equilibrium,  must  he  eiiuivaleiit  to  the  weight  of  a  column  of  about  10  feet 
of  air,  or  only  -^vv  of  an  inch  of  mercury.  A  periodical  variation  five  times 
as  great  as  this  has  indeed  been  observed  near  equator^  where  the  stoto 
of  ths  atmosphere  is  the  least  liable  to  accidental  distarbanees ;  but  this 
ehange  cannot  in  any  degree  be  refened  to  tlie  effieet  of  the  moon's  action^ 
dnce  it  happens  always  about  the  same  hour  of  the  day  or  night.  The 
atmosphere  is  also  affected  by  a  general  cnrrent  from  east  to  west,  like 
that  of  the  sea,  and  tbere  is  reason,  from  astronomical  observations,  to 
suppose  that  a  similar  circumstance' liappens  in  the  atmosphere  of  Jnpiter. 
These  currents,  as  well  as  the  f»eneral  current  of  the  sea,  liave  lieeti  attri- 
buted, by  some  astrouomers,  tu  the  immediate  attraction  of  the  huh  and 
moon,  and  of  the  satellites  of  Jupiter,  which  tliey  hsTs  suppossd  to  act  in 
the  same  manner  as  the  attraetion  of  the  sun  operates  in  retarding  tiia 
lunar  motions;  Imt  ths  laet  is,  that,  aooording  to  Mr.  Laplace,  the  disturb- 
iog  force  of  the  son  produces  this  effect  on  the  moon  only  in  proportion  as  It 
incrrases  her  distance  from  the  earth ;  consequently  no  such  retardation 
can  possibly  be  produced  by  the  force  of  gravitation  in  the  rotation  of  the 
sea  ur  of  the  atmosphere,  and  the  v.  hfil»'  effect  must  be  attri^mtcd  to  tlie 
operation  of  meteorological  causes,  jiroducing  fin<t  the  trade  winds,  and 
secondly  occaHioniug,  by  means  of  tlie  friction  of  these  winds,  a  similar 
motion  in  the  sea.  In  the  case  of  the  atmosphere  oi  Jnpiter,  the  effects  of 
heat  can  indeed  scarcely  be  supposed  to  be  ▼eiy  perceptible,  and  the  rot»- 
tion  of  this  planet  being  extremely  rapid,  it  is  not  at  all  impossible  thattha 
satellites  may  exert  an  action  on  tlie  atmosphere  somewhat  analogous  to 
the  retardation  of  the  moon's  motion  by  the  disturbing  ^<<»w  of  the  sun. 
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LECTURE  XLVIIL 


ON  THE  HISTORY  OP  ASTRONOMY. 

Wb  hm  now  taken  a  gtneral  Tiew  of  tlie  moat  8tii3diig  phenomona  of 
tho  nntveiw  at  latge,  of  tha  gveoilBoitaTCB  of  the  aolar  ayitem,  and  of  tlia 
paooUaiitua  of  tfaa  planet  whieh  wo  inhabit^  with  iMpeot  both  to  its  aoUd 
and  to  itii  fluid  parts.  All  these  are  depaitmenta  of  attronomy,  and  we  shall 

conclude  oorttKamiuaiion  of  the  Hubject  with  a  summary  of  the  history  of 
tha  sdeiice,  principally  axtnoted  and  abridged  fioni  fiaplaoe'e  Kypowtion 
dn  syst^me  du  monde. 

In  all  probability  the  astronomy  of  the  earliest  ages  was  conlincd  to 
observations  of  the  obvious  motions  and  ech'pses  of  the  sun  and  moon,  the 
rising,  setting,  and  occtiltations  of  the  principal  stivrs,  an(i  the  apparent 
motions  of  the  pbineta.  The  propres.s  of  the  hwu  whs  followed,  by  remarking 
the  stai-h  as  they  were  lost  in  the  twilight,  ami  perhaps  al^so  by  tlie  variation 
of  the  length  of  the  shadow  of  a  detached  object,  observed  at  tlie  time  of 
the  day  whan  it  wai  dioitest.  In  oidar  to  reooigniae  the  fixed  etan^  and 
their  diibtent  motions^  tha  heavens  were  dirided  into  ooaatellationa;  and 
twdtfi  of  theee  oecnpied  the  sone  denominated  the  aodiacy  within  the  limits 
of  which  tha  son  and  planats  wire  slways  fbnnd. 

The  entranoaof  the  son  into  tha  oonsfeeUation  ayriei,  or  the  ram,  denoted, 
in  ttia  time  of  Hippatdko^  the  beginning  of  the  spring ;  and  as  the  season 
advanced,  the  sun  oontinaed  his  progress  through  tlie  bull,  the  twins,  and 
the  other  signs  in  order ;  some  of  which  appear  to  have  been  denominated 
from  their  relation  to  the  agriculture  and  to  the  climates  of  the  countries 
in  which  they  were  iniai^'iruMl,  an»i  others  from  the  celestial  phenomena 
attendin;;  the  sun's  pa.ssa><e  through  them  ;  tlie  crab,  for  exaniple,  denot- 
ing his  retrograde  motiuu  after  the  time  of  the  soUUce,  and  the  balance 
the  e<[uaiity  of  day  and  night  at  the  autumnal  equinox.  But  the  motion 
of  the  equinoctial  points  having  clianged  in  some  degree  tlie  course  of 
the  seasons  with  regard  to  the  stars,  the  s^s  of  the  ecliptic,  by  which 
the  places  of  the  son  and  planets  are  described,  no  longer  coincide  pre- 
eiaely  with  the  constellations  of  the  aodiac  from  which  they  derive  their 
names. 

The  most  aneisnt  observations  of  which  we  areJoi  possession,  that  are 
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salBeiMitlj  teennte  to  be  emplojed  in  Mfcronomicttl  calenlatioiu^  an  those 
made  at  SMbylon  in  the  yean  719  and  720  heSan  the  Chriatian  eni»  of  three 
eclipses  of  the  moon.  Ptolemy^*  who  has  tnUMOkitted  themto  ua,  employed 

them  for  determining  the  period  of  the  moon's  mean  motion,  and,  therefore, 
had  prohably  none  more  ancient  on  which  ho  ccm]d  depend.  Tlie  Chal- 
deans, t"  however,  must  have  made  a  long  serii  s  of  (>l)servation»  before  they 
could  discover  their  Saros  or  lunar  period  of  0.>8o|  days,  or  about  18  years, 
in  which  (as  they  had  learnt  at  a  very  early  time)  the  place  of  the  moon, 
her  node  and  apogee  ntnm  nearly  to  the  tame  eitaaAaon  with  respect  to 
the  earth  and  son ;  and  of  ooune  a  aeriea  of  nearly  nmalar  edipoee  leeoiau 
The  observations  attributed  to  Hermes  indicate  a  date  seven  hundred  yean 
earlier  than  those'  of  the  Babylonians^  but  thdr  aathentieify  appean  to  be 
extremely  doubtful. 

The  Fp^rptians  J  were  very  early  acquaintefl  with  the  length  r>f  the  rear, 
as  consisting  nearly  of  365  day*  and  a  <ju;irt  r,  and  they  derived  from  it 
their  Sothic  period  uf  14(>0  years,  cuiiUiiiuuK  iiiio  days  each.  The  accnrata 
oorrespondence  of  the  faces  of  their  pyraniids  witli  the  points  of  the  compass 
is  fionsldend  ss  a  proof  of  the  precision  of  their  observations  :|  but  thsir 
greatest  merit  was  the  disooreiy  that  Meremy  and  Yenns  revolts  round 
the  son,  and  not  xoand  the  earth,  as  it  had  pnhably  been  befim  bstteved  :)| 
th<  V  did  not,  however,  suppose  the  same  of  the  superior  planets.  (Plato 
XXXVIII.  Fig.  626,  626.) 

In  Persia  and  in  India,  the  origin  of  astronomy  is  lost  in  the  dnrknoss 
which  envelopes  the  early  history  of  those  countries.  We  find  tiie  .tuna Is 
of  no  country  so  ancient  and  so  well  autlienticated  as  those  of  China,  vvliich 
are  confirmed  by  an  incontestable  scries  of  historical  mouumeut^.  The 
regulation  of  the  ealendar,  and  the  prediefion  of  eclipses,  were  regarded  ia 
this  eountry  as  important  objeeta,  for  wUoh  a  mathsmallcal  tribunal  waa 
estoblished  at  a  Tsry  early  periodi  But  the  serupokus  attaehment  of  the 
Chinese  to  their  aneient  oostoms,  eztondlng  itself  even  to  their  astronomy, 
has  impeded  its  progress,  and  retained  it  in  a  state  of  infancy.  The  Indian 
tables  indioatf  a  nnich  higher  degree  of  perfection  in  the  early  state  of  the 
science  tlian  it  had  attained  in  China  ;  but  we  have  every  reason  to  Ijelieve 
that  they  are  not  of  very  remote  anti([uity.  **  Here,"  says  Mr.  Laplace, fl^ 
who  must  be  allowed  to  be  free  from  prejudices  ia  favour  of  established 
opinioni^  «I  am  sorry  to  be  obliged  to  differ  from  an  illustrious  philoso- 
pher, Mr.  Bully,  who^  aflar  haviug  distinguidied  his  career  by  a  variety  of 
labonn  usefblto  the  edeoces,  and  to  mankind  at  large,  ftU  a  rietim  to  the 
most  sanguinary  tyranny  that  ever  diqgraoed  a  eivilised  nation.  The 
Indian  tables  are  referred  to  two  principal  epochs,  whieh  an  placed  the 
one  3102  years  be^re  Christ,  the  other  1491.  The^  are  connected  by  the 
mean  motions,  and  not  tltp  tnir  niotifnT^,  of  thr  smi,  flip  moon,  and  the 
planets  ;  m  that  one  of  tlie  epoclis  must  necessarily  be  fabulous.  The  ceie- 

*  PtoL  Almagest.  1.  4,  c.  6. 

t  Mdn,  Lexicon  (Saros).   Pliny,  Hist.  Not.  1.  2,  c  13. 

X  Giniiid,  Journal  dea  SanUBi  ISfCiO. 

§  Man.  del' AcwL  1710. 

II  Meorafains,  Comm.  in  Somn.  Sdp.  1. 1,  c,  9. 

TXx|wsMoo  da  tysttoMdu  Monde,  2nd  edit  p.  SM. 


Digitized  by  Google 


ON  THE  HISTORY  OF  ASTRONOMY, 


463 


brated  autlior,  who  has  been  meutioned,  has  sought  to  e6tabli8l^  in  his 
treatiMon  Indba  astronomy,  that  the  fonner  of  thaw  epocha  is  founded  on 
obaarmtion.  33at  if  we  ealeolate  izoa  ow  own  improred  tahki^  we  ahall 
find  that  the  general  oonjunotien  of  the  son,  moon,  and  phneta,  which  the 
Indian  taUaa  anppoaa^  in  reality  nerer  happened^  althongh  it  may  be 
dednoed»  according  to  these  taUaa^  by  aaeending  from  the  later  eeriea>  The 
equation  ef  the  snn's  centre,  depending  on  the  eccentricity  of  the  earth's 
orbit)  appears  indeed  to  indicate  ft  still  higher  aiiticiuity ;  but  its  magni- 
tude, as  deduced  from  eclipses^  must  have  been  affected  by  a  oontrary  eixor 
with  respect  to  the  rnoou's  place :  arul  the  determination  of  the  mean  motion 
of  the  moon  seems  to  make  it  probable  that  these  tables  are  even  of  a  later 
date  than  Pt'^lein  v.** 

In  astronoiiiv,  as  well  in  othoi  s(  uiu  es,  the  Greeks  were  the  disciples 
of  the  Egyptians  ;  they  ai  i"  jir  to  have  divided  the  stars  into  constellations 
13  or  1400  years  before  Ciirist.  Kcwtou  attributes  this  unuiigement  to 
Chiron,*  and  he  supposes  that  he  made  the  middle  of  the  constellations  cor- 
respond to  the  bqpinning  ef  the  icepeetiTe  i^i^na.  Bat  until  the  time  of  the 
fonndaiioii  of  the  school  of  Alesandria*  the  Greeks  treated  astronomy  as  a 
adenee  purely  speeolatlTe^  and  udnlged  themselTee  in  the  most  frivdoos 
cQ^jeetnres  respeolingit  It  is  singolar  that  amidst  the  confusion  of  ^ys* 
toms  heaped  np  on  eadi  othflr»  withent  aflfbrding  the  least  information  to 
tlie  mind,  it  dunild«eTer  have  occurred  to  men  of  so  great  talenti^  that  the 
only  way  to  become  aeenrately  acquainted  with  natore,  fe  to  institute 
experimental  inquiries  throughout  her  works. 

Thales  of  Miletus,  who  was  born  in  the  year  640  before  Christ,  having  tra- 
•  yelled  and  studied  in  Etry]>t,  futii  UML  on  his  return,  the  Ionian  whool  of 
philosophy,  in  whicli  he  taiiglu  tlie  sphericity  of  the  eHrtli,t  mi  l  tin'  obli- 
quity of  the  ecliptic  with  respect  to  the  equator.*  lie  also  explained 
the  true  causen  of  eclipses,§  whicli  he  w;is  even  able  to  foretcl,!]  unques- 
tionably by  means  of  tlie  iufurmation  that  he  had  obtained  Irom  the  l%yp- 
tian  prints. 

Fythsgeraa  of  Samte  was  bom  6dO  years  before  Christ ;  he  probably 
profited  by  the  information  which  Thales  had  aoqnired^  and  traveUed  also 
into  Egypt  for  his  fnrtlisr  improTement.^  It  b  conjectured  tliat  he  was 
aeqaaintsd  with  the  dinmal  and  annual  motions  of  the  earth,**  bathe  did 
not  pnblidy  profess  the  tme  system  of  the  world.  It  was  tanght  after  hia 
deathy  by  his  disciple  Philolaus,  about  the  year  450,  as  wellas  by  Nicetasyft 
and  by  othera  of  the  school.  7')iey  considered  all  the  planets  as  revolving 
round  the  san,^^  and  as  inhabited  globes  ;*and  they  understood  that  the 

•  ChroDology,  p.  25. 

t  Plutarch,  de  Placit.  Philos.  1.  2,  e.  9, 10. 

t  Dio^enea  Inertia,  life  of  Thsiflt*  FfaitRrob,  Coorhr.  Sept.  SspienL  Ph»olas» 

Comm.  in  Euc.  1.  1. 
$  Plutarch,  de  Pladt.  L  2,  c.  21,  24,  28. 

II  Hmtd.  I.  1,  &c.    Pliny.  Nat.  Hist.  L  2,  c.  12.    Blockli,  AllDMt.  Mov.  L 
363.    Costard,  Ph.  Tr.  xlviii.  1 7.   Bail;,  ibid.  1811. 
H  Jamblicbiu.  Vita  Pythag.  Aristotle,  de  CMo,  1.  2,  e.  13. 

ft  Cicero.  Qusest.  Acad.  1.  4,  f  39. 

tt  FUn.  Hist.  Nat.  L  2,  c.  22.    Macrob.  in  bonui.  Sdp.  1. 1,  c.  19.  GiSforii 
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comets  were  only  eooeatric  planets.*  Some  time  «ftflr  th!s»  the  lunar 
period  of  Meto  was  publicly  made  known  at  the  0]yin|^  tatd  waa 
nnivemlly  adopted  as  the  baaia  of  the  cakndar.  (Flda  XXXVIIL  F|g. 

627.) 

The  next  occurrence  which  deserves  to  he  noticed,  with  rc«]>oet  tf>  nctro- 
nomy,  is  the  foundation  of  the  school  of  Alpxundria,  which  was  the  first 
source  of  accurate  and  continued  ohservati  ns.    Uj)on  the  death  of  Alex- 
ander and  the  suhsequent*  division  of  his  empire,  tlie  province  of  i^yyt 
fell  to  the  lot  of  Ptolemy  Soter ;  a  prince  whose  ion  of  edenoe^  and  whoae 
mnnificenee  towards  its  professors^  attraeted  to  his  capital  a  great  nnmher 
of  learned  men  from  Tariona  parts  of  Greece.  Hia  son,  Ptolemy  Fhila- 
delphus,  continued  and  increased  the  hcneiit^s  conferred  on  them  hy  his 
father,  and  built  the  magnificent  edifice  which  contained,  tt^ether  with 
the  ccleltrat^'d  library,  collected  by  Dctnctriiis  Phalereus,  an  observatory, 
furnishc'l  wirli  the  nec*;.ssHry  books  and  instniments,+    The  ^r-^t  ustro- 
nomer^.  ^vlm  were  appointed  to  occupy  this  building,  were  Ari->t yliiis  and 
Timuchuris ;  tliey  tluurished  about  iXK)  years  before  Clirist,  and  observed 
with  aoeunu^  tiie.  places  of  the  principal  stars  of  the  lodiae.!  Aristanshna 
of  Samoa  waa  the  nert :  he  imagined  a  method  of  iindiBg  the  son's 
distance,  hy  ohserring  the  portion  of  the  moon's  disc  that  is  enUghtened, 
when  she  is  precisely  in  the  qnadratore^  or  90°  distant  from  the  son ;  and 
although  he  failed  in  his  attempt  to  detmnine  the  son's  distance  with 
accuracy,  yet  he  shtAvod  that  it  was  much  greater  than  could  at  that  time 
have  heen  otherwise  iniaf^incd  ;  and  he  asserted  tliat  the  earth  wns  but  as 
a  point  ill  comparison  with  the  magnitude  of  the  universe.  §    iiiH  esti- 
mation of  the  distance  of  the  sun  is  made  by  Archimedes  the  basis  of  a  * 
calculation  of  the  number  of  grains  of  sand  that  would  be  contained  in  the 
whole  heavenly  sphere,  intmded  as  an  iUustiation  of  the  powers  of 
nomerical  reckoning,  and  of  the  utility  of  a  dedmal  jqratam  of  notation, 
which  was  the  foondation  of  the  modem  arithmatie.  || 

Eratosthenes,  the  successor  of  Aristardius,^  is  knownby  his  observation 
of  the  obliquity  of  the  ecliptic,  and  his  measurement  of  a  certain  jiortion 
of  the  earth's  circumference ;  the  whole  of  which  he  deterniined  to  be 
2oO,(HM)  stadia  ;  but  the  length  of  his  stmHum  is  uncertain.  Ptolemy, 
calculating  j)erhaps  from  the  same  nie  i-uKs,  or  from  some  others  still 
more  ancient,  calls  it  180,000 ;  wliicii,  li  tiie  stadium  is  determined  from 
the  Nilomcter  at  Cairo,  and  fram  the  base  of  the  pynunid,  is  within  ona 
thousandth  part  of  the  truth,  the  length  of  the  base  of  the  pyramid  being 
equal  to  400  Elgyptian  cubits,  or  to  7S0  feet  10  inches  English. 

Hip]>archus  of  Bithynia  flourished  at  Alexandria  about  the  year  140 
before  Christ.  Employing  the  observations  of  Timocharis,  and  cmnparing 
them  with  his  own,  he  discovered  the  precesfinn  of  the  eqninoxen.  He 
also  observed  that  the  summer  was  0  days  longer  than  the  ^^-i^ter,  and  that 

*  Aristotle,  Meteor.  I.  1 ,  c.  G.  f  Strabo,  Geog.  1. 13. 

t  Ptolemy,  Almag<»t.  1. 6,  c.  3. 

(  Arisfc.  Sett,  de  Msgnit.  et  Diet.  Soils  et  Imw,  4to,  He.  1»78.  WaUs's  Op. 

vol.  iii. 

H  Archimedes,  Arenartiu,  ed.  Paris,  1615,  p.  449. 

f  deonedee,  C^c.  Th.  L 1,  c.  10,  hi  Axall  Op.  Oif.  1672,  foL 
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the  mMoBB  divided  eadi  of  thaw  setMU  a  littto  unequally.  In  order  to 
explain  thii^  Hipparchna  aappoeed  the  ann  to  more  unifoimly  in  an 
•oeentrio  dide^  the  distanoe  «i  ita  eentre  ftom  that  of  the  earth  being  ^  at 
the  radivi^  and  placed  the  apogee  in  the  sixQi  degree  of  gemini.  Probably 
the  annval  aqnatitm  of  the  moon,  which  haa  aome  influence  on  the  time  of 
eolipaes,  was  the  canae  of  hla  making  the  eecentrioity  too  great ;  had  he 
assumed  it  but  one  fifth  part  less,  the  supposition  would  have  represented 
the  sun's  place  with  tolerable  accuracy.  Ilipparchus  apjicars  to  have  been, 
the  first  tliat  entpl^yed  astronomical  obflervationa  for  detcnmmng  the  lati- 
tudts  and  lon^tudes  of  places. 

The  interval  uf  three  centuries,  which  elapsed  between  Hipparclius  and 
Ptolemy,  uli'ers  us  little  tluil  is  remaikable  iu  the  progress  of  astronomy, 
except  the  reformation  of  tlic  calendar  by  Julius  Caesar,  who  was  asbisted 
in  mtidng  the  arrangement  by  Soaigenes,  an  aatronomer  of  the  aame 
aehool  that  gave  birth  to  all  the  preceding  diaooveriea^  aa  well  aa  to  the 
improveoMiita  of  Ptolemy.  Thia  great  aatronomer  wae  boru  at  Ptdemaia 
in  Elgypt^  and  flonriahed  about  the  year  140  cl  our  em.  He  continued  the 
▼aat  project^  bigun  by  Hipparchua,  of  reforming  the  whole  eoienee  which 
he  studied.  He  discovered  the  evection  of  the  moon,  or  the  change  of  her 
velocity,  occasioned  by  the  position  of  the  apogee  with  respect  to  the  aun ; 
he  determined  the  quantity  of  this  equation  with  great  precision  ;  and  in 
order  to  represent  it,  he  8U]>]>ose(l  tbe  moon  to  perform  a  subordinate  revo- 
lution in  an  epicycle,  or  a  Mnalier  circle,  of  which  the  centre  was  carried 
round  in  the  line  of  the  gen  m  hI  nrbit,  which  he  considered  iuj  an  eccentric  cir- 
cle. This  mode  of  approximation  i&  exceedingly  ingenious;  it  is  said  to  have 
been  the  invention  of  Apollonius  of  Per^?a,  the  mathematiciuii,  ujid  although 
it  sometimes  becomes  complicated,  yet  it  is  very  convenieut  for  calculation ; 
and  it  may  be  employed  writh  advantage  in  the  repreaentaiion  of  the  plane- 
tary motiona  by  maduneiy.  Ptolemy  adopted  the  moat  ancient  opinion 
witii  reapeet  to  the  aolar  system,  supposing  all  the  heayenly  bo^ea  to 
rerolTe  round  the  earth ;  the  moon  being  neaieat^  then  Heicuiy,  Venna^ 
the  Sun,  Mara^  Jupiter^  and  Satom.  Thia  opinion  had  long  been  the  moat 
general,  although  aome  aatronomen  had  placed  Mercury  and  Venoa  at 
greater  distances  than  the  sun,  and  some  attributed  to  the  earth  a  diurnal 
motion  only;  but  the  doctrine  of  the  Pythagoreans  nppeara  to  have  been 
wholly  exploded  or  forgotten.  Ptolemy  determined  tlie  quantity  of  the 
precession  of  the  equinoxes  from  a  comparison  of  his  osvn  ohservfititius 
with  those  of  Hipparchus  ;  but  lie  made  it  smaller  th:m  tlvp  tnit!i ;  hh  i  iie 
probably  formed  his  table  of  the  places  of  the  st  irs  1  y  aj  plym-  this 
erroneous  correction  to  the  tables  of  Hipparchus,  in  urder  Ut  uccuuiiuodate 
them  to  his  own  time.  Both  tlicbe  errors  may,  however,  be  otherwise 
explained,  by  supposing  him  to  have  followed  Hipparehus  in  the  length  of 
the  tropical  year,  whieh  bong  aomewhat  too  great,  cauaed  an  error  in  the 
calculation  of  the  son'a  place^  to  which  that  of  the  atara  waa  refened ;  but 
upon  thia  auppontion,  he  muat  alao  haTO  been  miatakoi  in  three  obaer- 
▼ationa  of  the  place  of  the  equinoctial  pointa*  Ptolemy'a  principal  work  ia 
Ilia  mathematical  ayatem  of  aatnmomy,  which  waa  afierwarda  called  the 
great  ayntaat  or  body  of  aatronomy,  and  ia  at  preaent  frequently  quoted  by 
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ike  Arabic  name  Almagest,  ile  also  >vrote  a  treatise  on  optics,  iu  which 
the  pheikomeim  of  atmospherical  refraction  are  dewribed,  and  which  is 
extintbniaaiueriptintlMNalioiMlHbfaiy  tt  Fte^  (Piste  XXXTIU. 
Fig.  828.) 

Ptotony  WM  the  lart  as  wdl  aa  ihe  gwitort  of  the  AkncMWifiaii  aitmio- 

mern,  and  the  sdeoce  made  DO  farther  pn^ress  till  the  time  of  theAnlneat. 

The  first  of  th^  wee  Almamoun,  the  son  of  the  celebrated  Aaron  Reschid  ; 
he  reipTicd  at  BH<r«l!»<l  in  014,  and  having  conqufred  the  Greek  emperor, 
Michael  the  Thini,  he  made  it  a  condition  of  peace,  that  a  copy  of  the 
works  of  each  of  the  ])e8t  Greek  authors  should  he  delivered  to  huu  ;  and 
aiuoQg  them  were  the  worka  of  Ptolemy,  of  which  he  procured  an  Arable 
trenriitien.  Afanamoun  also  obeerved  the  ebUquity  of  tiie  ediptic,  and 
nMeemed  the  leogUi  of  a  degree  in  the  plaiae  of  Mfleopotemie. 

Among  the  aataronomen  pioteded  by  this  piinee  tod  liie  anecetiei% 
Albatcgni  was  the  moit  eininent.t  He  aeoertained  with  great  aecQiaey, 
in  nno,  the  ecoentridty  of  the  solar  motion,  and  discoreied  the  ehaage  of 
tlie  place  of  the  sun's  apogee,  or  of  the  earth's  aphelion. 

Ibu  Juuis  made  his  observations  at  Cairo,  about  the  year  1000 ;  he  was 
a  very  assiduous  astronomer,  and  determined  tlie  length  of  the  year  %\  ichin 
2  seconds  of  the  truth.  At  this  time  the  Arabians  were  in  tiie  iiabit  of 
employing,  in  their  observations,  the  vibrations  of  a  pendulnm. 

The  Psnians  soon  after  appBsd  themsslTes  to  aatranomy ;  and  in  the 
elofenth  eentnry  they  invented  the  approximation  of  reelroning  8  hisssx- 
tilsB  in  93  years,  which  was  afterwards  proposed  by  Dominic  Caasim  as  an 
improvement  of  the  Gregorian  calendar.  The  most  illustrious  of  this 
nation  was  Ulugh  Beigh,  who  observed  in  his  capital  Samarcand,  about 
the  vcar  14.^7,  with  vcrv  elaborate  instruments.  In  the  mean  tini« 
CochtHiiikini:  had  v);\']*'  in  T'liina  some  very  accurate  ohservationa,  n\  liich 
are  valuable  for  the  precision  with  which  they  ascertain  the  obiit^uity  of 
the  ecliptic  :  their  date  is  about  1278. 

It  was  not  long  after  the  time  of  Ulngli  fieigh,  that  Copemlens  laid  tlie 
finmdation  of  iJie  mors  aoearate  theories  wbi«ih  modem  improTementehaTe 
introduced  into  astronomy.  Dismtisfted  with  the  eompUeated  bypotheses 
of  the  Ptoleniacan  system,  he  examined  the  works  of  the  ancients,  in  quest 
of  more  proljable  opinions.  He  found  from  Cicero  that  NicetAs  and  other 
Pythagoreans  had  nmintnined,  that  the  snn  i«  placed  in  the  centre  of  the 
system,  and  that  tin  earth  moves  round  him  in  eommon  with  tiie  other 
planets.  He  applitnl  this  idea  to  the  numerou4»  obt»ervalions  which  the 
diligence  of  astronomers  iiud  aiccumulated,  and  he  had  the  satisfaction  to 
ftnd  them  an  in  pwftoteoiifnmity  with  this  theory.  He  qnioldy  diseaided 
the  Ptolemeean  epicydsi^  imagined  in  order  to  explain  the  altstnatione  of 
the  direct  and  rstiograde  motions  of  tlie  planets;  in  tiMse  mmaikaUe 
phenomena,  Copernicus  saw  nothing  but  the  conse([uence8  necessarily 
prodnosd  by  the  combination  of  the  motions  of  the  eartb  and  planeteioond 

*  rr>mpo8iHon  Matlicinatique,  Gr.  ct  Fr.  2  vol.*.  Uo.  Tiriq,  9,,.  also 
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4to,  Vnia,  1919,   HypothiMis  et  Gpoijiu  s  des  nandCes  de  Ftol.  &c  iUd.  4to,  1820. 
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t  Sec  Haliey's  DicserUtion,  in  Fb.  Tr.  zvii.  913. 


Digitized  by  Google 


ON  THE  HISTORY  OF  ASTRONOMY. 


467 


the  sun ;  and  from  a  minute  examination  of  these  circumstances  lie  calcu- 
UM  the  sdaliTedliteiioct  of  tbt  plaiuts  from  the  son,  which  tall  then  had 
nataSmd  vnknown.  In  this  ■ystom,  tray  thii^  had  the  nuurka  oC  thai 
boMLtifnl  flunplicUj  whieh  penradm  dl  the  works  of  naten^  and  whieh, 
when  oooe  nndenleody  eanriee  with  itMlf  raffident  eridence  of  its  troth. 
Copemiciis  was  boin  at  Then,  in  Pdiah  Pnsriay  in  the  year  1475 ;  he 
studisd  in  Italy ;  he  taught  mathematics  at  Rome»  and  afterwatrds  settled 
on  a  canonicate  at  Frauenberg,  where,  in  96  years  of  retirement  and  medi- 
tation, he  completed  his  work  on  the  nfilnsttsl  lerohitions^  which  waa 
scarcely  published  when  he  die<l.* 

About  thin  thm\  WiUiani  the  Fonrth,  LamJirrnve  of  Hesse  Cassel,  not 
only  em  i(  hi  >1  istronomy  by  his  own  fibservations,  but  also  exerted  his 
intiueiice  with  Fre«leric,  Kini;  of  Denmark,  to  obtain  his  patronage  for  the 
celcbratt'd  Tyeho  liriilic.  I'rederic  agreed  to  give  him  the  little  island 
Huea,  at  the  entrance  of  tlie  Baltic,  where  lycho  built  his  observatory  of 
Uraniburg,  and,  in  a  period  of  21  years,  made  a  prodigious  collectitm  of 
aoeuale  obesnrations.  Aiker  the  death  of  his  patron,  his  progrsss  was 
impeded,  and  he  sought  an  establishment  at  Fkagne^  nndsr  the  emperor 
Rtidolph.  Hero  he  died  seon  after,  at  the  age  of  65.  Sbsaxk  with  tlie 
•bjeotions  made  to  the  system  of  Copcmieas,  principo]]ty  saeh  as  wen 
deduced  from  a  misinleipielation  of  the  soriptoiei^  he  imagined  «  new 
tlieoiy,  wliieliy  althoogh  mechanically  absurd, is  s^  astronomically  eonect ; 
for  hesupiMMed  the  earth  toiemain  at  rest  in  the  centre,  the  ^tars  to  revolve 
round  it,  together  with  the  sim  and  all  the  planets,  in  a  sidereal  day,  and 
the  sun  to  have,  besides,  an  annual  motion,  cHrrying  with  him  the  planets 
in  their  orbits.  Here  the  apparent  or  relative  motions  are  precisely  the 
tMime  as  in  the  Copernican  system  ;  the  argument  thnt  Tycho  Brahe  drew 
from  the  scriptures  in  favour  of  his  theory  was,  therefore,  everj'  way 
injudicious  ;  for  it  is  not  to  be  imagined  that  any  thing  but  relative  motion 
or  rest  could  be  intended  in  the  scriptures,  when  the  suu  is  said  to  move,  or 
to  stand  still.  But  in  the  Copernican  system,  there  was  an  evident  regu- 
larity in  the  periode  of  all  the  planets^  that  of  tiie  earth  hehtg  longer  than 
that  of  Venns^  and  shoiisr  than  that  of  Ifan^  whieh  wsse  the  neig^bonring 
piauete  on  eaefa  side;  and  when  Tyeiw  imagined  the  son  to  move  round 
the  earth,  this  anaUigywse  entirely  kst.  Tyoho  Brahe  waa  the  disooveier 
of  the  Tarialfton  and  of  the  annual  eqnatiein  of  the  moon,  the  one  being  an 
imigularity  in  its  Telocity,  d^endent  on  its  position  with  respect  to  the 
sun,  the  other  a  change  in  the  magnitude  of  all  the  perturbations  produced 
by  the  sun,  dq^endsnt  on  his  distanee  from  the  earth.  (Plate  XXXVIII. 
Fig.  520.) 

Kepler  was  the  pupil  and  assistant  of  Tycho,  whose  observations  were 
the  basis  of  his  important  discoveries  :  he  succeeded  him  in  his  appoint- 
ments at  Fragne,  and  enjoyed  the  title  of  Imperial  Mathematician.  Adopt- 
ing the  Copernican  system,  which  was  then  becoming  popular,  he  pro- 
ceeded to  examine  tlis  distanpes  of  the  celestisl  bodies  from  eadi  other  at 
varioae  times(  and  after  many  fruitless  attempts  to  leoooeile  the  plaees  of 
ilie  plausto  with  tfas  supposition  of  roTolntions  in  sceentrio  drde^  at  last 

*  De  RcYohitiooibttB  Oriuam  Ceel^uin,  foL  IMSt 
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diBoovered  that  thor  ozbito  are  ellipsea,  anddem<nuti«led»  diieflj  from  his 
alMcrfafcunia  on  the  pktnei  Man,  that  the  iwirolYing  ndhu^  or  tlw  Hue 
drawn  from  the  sun  to  the  planet,  alwaya  dMcribes  equal  areas  in  e<[ual 
times.   By  comparing  the  periods  and  the  mean  distances  of  the  different 

planets  with  each  other,  he  found,  after  17  years  calculation,  that  the 
stxuares  of  the  times  of  revolution  are  always  proportional  to  the  (mbes  of 
the  mean  distances  from  Uie  gun.* 

Kepler  died  in  1690 :  before  hia  death  he  had  the  satisfaction  of  applying 
Ills  Hmey  to  fhe  motioiis  of  flio  aatdlites  of  Jupiter,  which,  as  well  m  tho 
phaaes  of  Ywom,  and  the  spots  of  tlio  snn,  hsd  lately  been  diieoTend  in 
Italy  by  the  tdeseopic  ohsenrations  of  GoUleo.  This  gvest  many  oelabtatod 
as  wdl  for  his  theory  of  projectiles,  as  for  hb  zealous  deflenoe  of  tlM 
Copemican  system,  was  bom  at  Pisa  in  1664,  and  lived  to  the  age  of  7B, 
full  of  that  enthMsincin  which  made  him  desp5j*e  tlie  threats  of  the  Inquisi- 
twn,  and  ^til  jiiit  ;iati<  ntly  to  its  persecutions.  Me  died  in  1642,  the  year 
in  wliK'h  rsewton  was  bom. 

The  invention  of  logaritiuns,  by  Baron  Napier,  requires  to  be  noticed 
for  its  importanoe  to  jmetiflal  astronomy,  and  tlw  labotionsofasirvatiMis  of 
HereliQs  deserve  also  to  be  mentlonod  with  oommendation.  Tlio  dio* 
oomies  of  the  form  of  tiie  ring  of  Sotnm,  and  of  one  of  Us  liteUiteB^  by 
Hnygens,  and  of  four  more^  togetbsr  with  the  belts  andvstation  of  Japiter, 
by  Douiinic  Cassini,  were  among  the  early  improvementa  deriYid  from 
the  introduction  of  the  telewjope.  But,  without  dwelling  on  any  of  these 
subjects,  wp  hasteji  to  the  establishment  of  the  system  of  gravitation, 
which  has  iminortaliBed  the  name  of  l<iewton,  and  done  UDiivaUed  honour 
to  the  country  tliat  gave  him  birth. 

The  mutual  attraction  of  all  matter  seems  to  have  been  8uq>ected  by  the 
Epicureans,  bat  Looiolliu  nerer  ^eaks  of  It  in  sodi  terms  aa  aio  saffioieni 
to  ooDTij  by  any  means  a  distinct  idea  of  a  ledproeal  fsroa.  GrcRoiy,  in 
the  prafaos  of  bis  Astronomy,  has  endeavoured  to  proro  tiict  I^rthagovaa 
most  haTe  been  acquainted  ovm  with  the  law  of  tba  decrease  of  gravita- 
tion ;  and  Lalande  appears  to  assent  to  hiss  arguments ;  hut  they  rest  only 
on  the  hare  possibility  that  Pythagora?^  mitrbt  hfive  r^e^hvced  an  analogy 
from  the  tension  of  cords,  which  we  have  no  re:isou  to  8up]>ose  that  he 
even  completely  understood :  and  tliia  merely  because  he  fancifully 
imagined,  that  there  was  a  correspondence  between  the  planets  and  the 
strings  of  a  lyre.  Bat  the  nataie  of  gravitation  bad  long  been  In  oomo 
measnre  suspected ;  Plutaroh  had  asserted  that  the  moon  is  retained  by  it 
in  her  orbit^  like  *  stone  in  a  ding;  and  Baoen,  Copeinioia^  Kepkr, 
Feimat^  and  Roberval  were  aware  of  its  efficacy.  Bacon,  in  Ub  Nonim 
oigaaum,  calls  the  descent  of  heavy  bodies  the  motion  of  **  general  con- 
grej^tion,**  and  attributes  the  tide«  to  tlic  attraction  of  the  mrw^n.  Kepler 
meutions  also  the  perfect  rtcipiocalif y  of  the  action  of  gravitation,  and 
considers  the  lunar  irregularities  as  produced  by  the  attraction  of  the 
buu.  iiut  our  most  ingenious  countryman.  Dr.  llooke,  was  still  more 
decided  in  attiibnting  the  imrolntiona  of  tho  Janets  to  tho  oombinatioa  of 
a  projectile  motion  with  a  ocntripetal  fofoe ;  be  expfossM  bis  asptimisits 

•  SeeUfltlV. 


Digitized  by  Google 


ON  THE  HISTORY  OF  ASTRONOMY 


459 


oil  tlie  snl)jert  very  clearly  in  his  Att('iii}>t  to  jtvuve  the  motion  of  the  earth, 
jMililislu  d  in  1(;74,  and  h;iil  his  skill  in  rnatheniatu  s  bet  u  equal  to  his 
[.riictiriii  sagacity,  he  would  probably  have  completed,  or  at  IcBst  have 
published  the  discovery  before  his  ^reat  cotemporary. 

It  luust  be  confessed  thai  Newton's  good  fortune  was  equal  to  his  talents 
and  his  application ;  for  had  he  lived  earlier,  he  might  prohably  have  eon* 
lined  hie  geiiiiia  to  epecalatiene  pniely  maihematleal  f  had  he  heen  laAer^ 
Us  diacoreriee  hi  natnial  phikMophy  might  hare  heen  anticipated  by 
otheif ;  and  yet  Newton  would  ptrfaape  have  impioved  skiU  mom  on  their 
labours  than  they  have  done  on  hie.  It  was  in  1676^  when  he  was  34 
years  old,  that  he  first  demonstrated  the  necessary  connexion  of  the 
phmetary  rerolntions  In  elliptic  orbits^  with  an  attractive  force  varying 
inversely  as  the  square  of  the  distance.  But  he  had  collected  the  law  of 
the  force,  from  the  discoveries  of  Kepler  re'»pectincr  the  periods  of  the  dif- 
ferpnt  p1anpt«,  some  time  before  IHTl  ,  as  he  asserts  to  Dr.  Halley,  and,  to 
the  best  of  tiis  io(  olle(  tion,  about  iCitiii,  although  in  his  Principia  he  allows, 
with  the  most  laudable  candour,  to  Wren,  Hooke,  and  Halley,  the  merit 
of  having  made  the  same  discovery,  without  any  connexion  with  each 
other's  investigations,  or  with  liis  own.  The  manner,  in  which  Newton 
was  led  to  attend  particularly  to  the  subject,  is  thus  related  by  Pemberton, 
in  the  preface  to  hie  Yiew  of  8ir  Iiaao  Newton's  philosophy. 

^Tbe  fiist  ihoQghte,**  says  Pemberton^*  which  gave  rise  to  hia  Pkin- 
dpuy  ha  had,  when  he  retired  from  Cambridge  In  1906^  on  aeeonnt  of  the 
plague^  Aa  he  eat  alone  in  a  garden,  he  M  into  a  epecalation  on  the 
power  of  gravity ;  that  ae  thie  power  is  not  found  eensibly  dhninlriiad 
at  the  remotest  distance  from  the  centre  of  the  earthy  to  which  we  can  rise, 
neither  at  the  tops  <^  the  loftiest  building  nor  even  on  the  summits  of 
the  highest  mountains ;  it  appeared  to  him  reasonable  to  conclude,  that 
this  power  must  extend  much  further  than  was  usually  thoujjht ;  why  not 
as  high  as  the  moon  1  said  he  tn  himself ;  and  if  so,  her  motion  muHt  be 
influenced  by  it;  perliaps  she  is  retained  in  !h  )  orbit  thereby.  However, 
though  the  power  of  gravity  is  not  sensibly  wtakeaed  in  the  little  change 
of  distance,  at  which  we  can  place  oui-seives  from  the  centre  of  the  earth  ; 
yet  it  is  very  possible  that  so  high  as  the  moon  this  power  may  difite 
mneh  in  etrengtb  from  what  it  ie  lieie.  To  make  an  eatimali^  what  nnghft 
bethe  digveeof  thie  dfanlnutlon,  he  conddemd  vrlth  hfaneelf,  that  If  the 
moon  be  retained  In  her  orbit  by  the  force  of  gravity,  no  doubt  the  primaty 
planets  are  carried  round  the  ran  by  the  like  power.  And  by  comparing 
the  p^oda  of  the  several  planete  with  their  diatanoee  fnnn  the  eon,  he 
found,  that  if  any  power  like  gravity  held  them  in  their  coureee^  Ite  etrength 
mnet  decrease  in  the  duplicate  proportion  of  the  increase  of  dtetanre.  This 
he  concluded  by  supposing  them  to  move  in  perfect  circles  conoentrical  to 
the  sun,  from  which  the  orbits  of  the  greatest  part  of  them  do  not  much 
differ.  Supposing,  therefore,  the  powr-r  of  crnvity,  when  extended  to  the 
moon,  tn  decrease  in  the  same  ni  imn  i,  he  computed  whether  that  force 
would  lit-  <iifticient  to  keep  the  moon  in  her  orbit.  In  this  computation, 
being  absent  fnaii  l)ookR,  he  took  the  common  estimate  in  use  among  geo- 

*  View  of  Newton's  Philoaophj,  1728,  Prcftce. 


Digitized  by  Google 


4m  LECTURE  XLVXXL 

ffKgbaa  and  our  tMinen,  before  Norwood  had  measiured  the  aaxth,  tfait  60 
Engliih  miles  wars  omUiiwd  ia  one  d^gne  of  latitndoon  the  sm&oe  of  the 

earth.  But  as  this  is  a  very  fanltv  sxipposition,  each  degree  containing 
about  (59^  of  our  miles,  hia  computation  did  not  answer  expectation  ;  whence 
he  concluded  that  some  other  cause  must  at  least  join  with  the  action  of 
the  power  of  gravity  on  the  moon.  On  thU  account  he  laid  aside  for  that 
time  any  further  thoughts  upon  this  matter.  But  some  years  after,  a  letter 
irUok  he  reoeived  tnm  Dr.  Hookey  put  liim  on  inquiring  what  was  fhevMl 
figure,  in  whioh  a  body  let  fill  fnm  my  high  place  daaoeadi^  tald^g  tiie 
aurfionofiheeatlliioaiiditiaadiiiifeoeoiuadetat^  Sneh  a  bod j,  liaTiiff 
ttie  eame  motion^  whioh  by  the  smliition  of  the  earth  the  place  has  htm 
wlmce  it  falls,  is  to  be- considered  as  projected  forwards,  and  at  the  same 
time  drawn  down  to  the  centre  of  the  earth.    This  occ!i«i(»ii  to  his 

resuming  his  fomirr  thoughts  concerning  the  moon;  and  Picsirt,  in  I'laiice, 
having  lately  iiitaijiired  the  earth,  by  using  his  measures,  the  muun  a]  i[H  arcd 
to  be  kept  in  her  orbit  purely  by  the  power  of  gravity ;  and  consei^ucuLiy, 
that  this  power  decreaeee  ae  you  recede  ham  the  cenlte  of  the  earth*  in  the 
■uuincr  oar  author  had  fmnoriy  oonjeetnred.  Upon  this  pnndpie  ha 
lonnd  the  line  described  by  a  falling  body  to  he.  an  eUipsia^  the  centre  of 
tile  eai-th  being  one  focus.  And  tlie  {ximary  planets  moving  in  such  orbita 
round  the  sun,  he  had  the  satisfaction  to  see,  that  this  inquiry,  whidi  he 
had  undertaken  merely  out  of  curiosity,  cmil  i  i)e  applied  t<>  thf»  greatest 
))ur|>nsoH.  Hereupon  he  composed  new  a  dozen  propnsitions  n  l.ituiir  t"  the 
motion  of  the  primary  planets  ahout  the  sun.  Several  vciiis  aft^r  this, 
some  discourse  he  had  with  i>r.  iialley,  who  at  Cambridge  made  liim  a 
yisit,  engaged  Sir  Isaac  Newton  to  nsnme  agaiai  the  conaidairstioii  of  tiiia 
eabject ;  and  gave  ocoaoon  to  his  writing  the  trtalise  which  he  pabUshed 
under  the  title  of  Hatbematical  principles  of  natural  philosophy.  This 
treatiss^  fuU  of  such  variety  of  profound  inventions^  was  composed  by  hiniy 
from  scaree  any  other  matsrialw  than  tlie  few  pvoposittotts  before  neu- 
tioned,  in  the  space  of  one  year  and  a  half." 

The  astronomers  of  rirrat  Britain  have  not  l)ecn  less  diligent  in  tin-  {  l  ac- 
tical,  than  suoceasful  in  the  tlicoretical  part  of  the  science.  The  fouiiii  itijn 
of  the  observatory  at  Greenwich  was  laid  iu  1675,  some  years  before  the 
eon^letion  and  pnblieaticm  of  the  discoveries  of  Newton.  It  ia  with  tiie 
eredion  of  thb  edifice  thai  the  modem  nfinementa  in  practical  astronomy 
may  be  said  to  havu  commeoced ;  its  Immediate  djeet  was  to  aaiist  in  the 
perfediim  of  the  science  of  navigation,  and  the  series  of  observations,  which 
have  been  made  in  has  afibrded  an  invaluaUe  fend  of  materials  to 
astronomers  of  everj"  country.  A  reward  had  been  proposed,  more  than 
half  n  cf'ntiiry  hefore,  hy  Philip  the  Third,  of  Spain,  for  the  t!iscoyery  of  a 
mode  <  f  ih'trnnining  the  longitude  of  a  ship  at  »ea  ;  and  the  states  of  Hol- 
land hud  followed  his  example  ;  a  large  reward  was  also  otiered  by  the 
French  government  in  the  minority  of  Louis  the  Fifteenth.  In  1674, 
Mr,  St.  Fiem^  a  Frenchman,  had  undertaken  to  deCennine  the  hmgilnde 
ef  a  plaee  from  obeerviitions  of  the  moon*e  altitude,  and  King  Chariss  the 
Second  had  been  induced  to  appoint  a  cosamiseion  to  eaaaasine  his  prepo- 
sals.  Mr.Flamatesdwaeoonsttltedbyifaecomniisslonfln^andwasiddedto 
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fhfir  nnmliers  he  dwwed  the  diaadvanti^  of  the  method  proposed  hy 
Kr.  St  Pierre,  end  the  iiuweiiracy  of  the  eziiliiig  taUee  of  ttie  htiuur 
mottoDs,  as  well  as  of  the  catalognee  of  the  pleoee  of  the  sten,  but  expressed 

his  opinion,  Uiat,  if  the  tables  were  improved,  it  would  be  possible  to  deter- 
mine the  loTnntnde"  of  p]n<-f's  with  'sufficient  accuracy  ]iy  lunar  ohscrvations. 
The  king,  being  iufornu  il  nf  1- lam-itoeirs  representations,  is  saifl  to  hnve 
replied  with  eame^^tnt•^.H,  tliat  lie  "must  have  t)ie  places  of  the  sUiiis  aufw 
observed,  examined,  and  corrected,  for  the  use  of  his  seamen  i"  upon  this 
Fhmsteed  was  appointed  Astronomer  Royal,  wUh  a  salaiy  of  XlOO  ayear, 
and  it  was  proposed  to  have  an  ohsemtoiy  hoilt  either  in  Hyde  Paric,  or 
a*  diebea  ooH^  ;  but,  npon  Sir  Christopher  Wren's  rfioommendalinw> 
the  situation  of  Greenwich  Park  was  preferred. 

In  the  year  1714,  the  British  Parliament  offered  £20,000  for  a  determi- 
nation of  the  longitude  of  n  ship  at  sea,  without  an  error  of  30  miles,  and 
a  smaller  sum  for  n  )(»«>  ar.  urate  method,  appointinjj  at  the  same  time  a 
Board  of  Longitude  for  the  examination  of  the  methods  which  mi<i:ht  be 
proposed.  Under  tliis  act  several  rewards  were  a^Higned,  and  in  1774,  it 
waa  snperssded  by  another,  which  offers  £5000  for  the  invention  of  any 
timekMper,  or  other  method,  capable  of  detennining  the  longitade  of  a 
plaee  witliin  one  degress  and  iClOyOOO  if  within  90  miles ;  and  a  reward  of 
£6000  to  the  author  of  any  lunar  tables,  which  shonld  be  found  iRrtthin  16 
seconds  of  the  truth  ;  allovring  the  Board  also  the  power  of  granting  smaller 
sums  at  their  discretion.  Timekeepers  are  at  present  very  commonly  em- 
ployed in  the  Britisili  navy,  and  some  of  them  have  henn  capahle  of  deter- 
mining the  longitude  witliin  half  a  d*  u'lec,  after  having  l  i  i  n  two  or  three 
months  at  »ea.  The  lunar  tai)les,  which  have  been  eiujduyed  for  the 
Nautical  Almanacs,  are  those  of  Professor  Mayer,  who  adopted  the  methods 
of  calenlation  invented  by  Leonard  Enler ;  bat  the  tables  of  Mr.  Burg,  of 
Viettna,  are  still  mors  aoenrate^  and  are  said  to  be  alwaja  within  about  tn 
seconds  of  the  troth* 

The  pro^ss  of  astronomy,  dnce  the  death  of  Newton,  in  1727,  has  been 
fully  adequate  to  what  its  most  sanguine  votaries  could  have  hoped.  The 
prrat  r!ic:f-ovcries  of  the  n)>orrHtion  of  the  fixed  stars,  and  of  the  nutation 
of  the  eartli's  axis,  wen  made  hy  our  cnnntrynian  lirudley,  with  the 
assistance  of  the  instruuieuts  for  which  lie  was  indebted  to  the  delicate 
workmanship  of  our  artists.  Among  these  the  names  of  Bird,  Short, 
Sisson,  Graham,  DoUond,  Harrison,  and  Ramsden  hate  long  been  oele- 
Inated  throoj^nt  Eoiope.  Tlie  geographical  <^eration^  which  have  been 
performed  in  every  part  of  the  globe,  have  been  chiefly  condueted  by  tiie 
liberality  of  the  French  and  English  governments,  although  other  countriea 
have  not  been  deficient  in  taking  their  share  ot  the  labour.  Observations 
of  the  transit  of  Venus  were  made  with  great  care  in  the  south  seas 
by  British  navif^^ators,  whom  the  munific^Tife  of  our  present  sovcreif^ 
enabled  to  undertake  so  arduous  a  voyaire  for  ihiH  express  purpose  ;  and  we 
are  indebted  to  the  fund  which  was  granted  on  tlie  occasion,  as  well  as  to 
the  seal  of  the  Astronomer  Royal,  for  the  experiments  on  the  attraction  of 
moantains^  whidL  were  institnted  alter  dieir  return.  In  this  eonntry  alKs 
Dr.  Heiedhaiy  lieeides  many  other  important  additiooa  to  our  astronomieal 
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knowledgf^  ham  diwsoraed  a  primary  planet,  and  eight  secondaij  oiici^ 
unknown  liefore.   The  astrotumieit  of  Sioily  and  Germany  have,  however, 

the  honour  of  the  first  discovery  of  the  three  humbler  meu<)»er8  of  the  solar 
system  which  hnve  hecn  In^t  introduced  to  our  acquaintance,  Ceres  by 
Piazzi,  Pallus  1j\  Oibers,  and  Juuo  by  llardijig :  and  the  inatheuutti- 
cians  of  France  have  excelled  all  their  predecessorb  in  the  elaborate  and 
refined  application  of  the  th^ry  of  gravitation,  to  the  investigation  of  the 
most  minnto  and  intricate  details  of  tbe  odwrtal  waotlom. 

For  die  laM  inofiOTiiiMnft  that  has  been  made  in  adnmuaj  we  tsn 
alio  indelrted  to  the  seal  and  iagenntty  of  Dr*01beni,  who^  in  pnnnH  of 
an  opinion  which  he  had  formed,  mpecting  the  origin  of  the  thice  small 
planets  from  the  separation  of  a  larger  one  hito  fragments,  has  been  in  the 
habit  of  examining  monthly  that  part  of  tlie  heavens  in  which  he  hu]>|>o«^»s 
tlie  i-vvni  to  have  taken  plnce,  and  through  which  each  of  the  biHiics  must 
necessarily  iman.  He  ha^  had  the  good  fortune  to  discover,  inthiii  manner, 
a  fourth  planet  [Vesta],  which  nearly  resembles  the  three  others  in  its 
■ppeaiaiiee^  aaeapt  that  it  aeems  to  he  conaideiaUy  laiger. 
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LECTURE  XLIX. 


ON  THE  BSSBNTIAIi  PROFBRTIBS  OP  MATTBR. 

TsB  objects,  whicb  haTe  lately  occupied  our  inquiries,  aie  tlw  moA 
iuUime  end  magnificeiit  that  natnie  anj  where  ezhibils  to  na,  ajid  the 

ContemplaUon  of  them  natonJly  e^tee^  even  in  an  uncultivated  mind,  an 
admiration  ot  tiieir  dignity  and  grandeur.  But  all  magnitude  h  relative ; 
and  if  we  examine  with  more  calm  attention,  we  shall  find  still  tn^'^nter 
scope  for  our  investigation  and  curiosity,  in  the  microscopic,  than  in  the 
telescopic  world.  Pliny  has  very  justly  observed,  that  nature  no  where 
displays  all  her  powers  with  greater  activity,  than  in  the  minutest  objecta 
perceptible  to  our  senses ;  and  we  may  judge  how  wide  a  field  of  research 
the  eorpnaealar  affections  of  aifltter  afiofd^  from  the  comparatively  snuU 
progress  that  has  Utherto  been  suide  in  enltiYaling  It*  while  the 
motions  of  the  vast  bodies,  which  ndl  through  the  heavens^  Iuto  been 
completdy  sulgected  to  the  most  rigorous  calculations,  we  know  nothing, 
but  from  experience  only,  of  the  analogies  by  which  the  minute  actions  (d 
the  particles  of  matter  are  rej^ilnted.  Tt  is  prohaWe,  however,  that  they 
all  depend  ultimately  on  the  same  meciianical  principles.  We  have  seen, 
for  example,  that  the  widely  extended  elevations  and  dei)reRsions  of  the 
ocean,  which  are  rais^  by  the  attractive  powers  of  the  two  great  lumiiia- 
riesy  and  cover  at  once  a  half  of  the  globe,  are  gowned  and  eomhinad 
according  to  the  same  laws  whidi  determine  the  motions  of  the  smaller 
wavese«ated  hydiileirentcansee  in  a  canal,  the  rapid  tremoracf  a  medium 
transmitting  aonnd,  or  the  mconceivalily  diminutive  undulations  which 
are  capable  of  accounting  for  the  phenomena  of  light,  and  which  must  be 
exerted  in  spaces  as  nnuh  smaller  than  tho«ap  of  sound,  as  a  grain  of  sand 
iji  smaller  than  a  mountain.  Thus  the  annihilation  of  the  effects  of  the 
semidiurnal  changes  of  the  tide,  and  the  preservation  of  the  diurnal  change, 
in  the  harbour  of  Batslia,  may  be  explained  preci^cl^  in  the  same  manner 
aa  the  reflection  of  red  light  from  a  tranqkamt  anhstance^  of  such  a  ^ilek- 
nesi^  as  to  he  capahle  of  destroying  a  portion  of  vioiet  light  under  the  same 
drcnmstances. 

We  are  at  present  to  descend  from  the  affections  of  the  large  masses  of 
matter,  which  form  the  great  features  of  the  universe,  to  the  particular 
properties  of  the  matter  which  constitnte?  them,  as  far  aa  they  are  common 
to  all  mntti  r  iu  general ;  hut  tliose  proptrties  wliich  are  peculiar  to  certain 
kinds  uf  matter  only,  being  the  subjects  of  chemical  science,  arc  nt>t  to  be 
included  iu  the  discussion.  If  we  are  asked  for  a  definition  of  matter,  it 
will  be  somewhat  dilfionlt  to  avoid  all  drenitoua  wcpreeeions.  Wo  may 
make  graTitation  atest  of  matter,  hut  then  we  mnst  say,  thai  whatever  ia 
attracted  by  other  matter,  ie  also  to  be  denominated  matter,  and  thia  enp- 
poses  the  subject  of  our  definition  already  known ;  besides  that  the  property 
of  attraction  may  also  poesihly  belong  to  substances  not  simply  matwial ; 
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for  the  electrical  fluid,  if  such  a  fluid  exists,  is  probably  attracted  by  iiiat- 
ter,  and  yet  it  Menu  to  be  diiftrent  in  moit  lespectB  from  any  modificaUon 
of  oommon  mattar.  A  tlbtdht  difficultjr  would  ooeor  if  w«  attempted  to 
define  metfeer  bj  ite  impenefenbili^  or  mutual  repulttony  or  if  we  oonei-  . 
dered  eveiy  thu^  as  mateiial  that  ie  capable  of  afibctmg  the  eenees.  We 
iniiet>  therefore^  take  it  Ibr  granted  that  matter  ie  known  without  a  defi- 
nition, and  we  may  describe  it  ae  a  enbetanoe  occupying  epaoe,  or  as  a 
gTavitatiog  or  ponderable  substance. 

It  cannot  be  positively  detemined  whether  matter  is  originaUy  of  one 
kind,  owing  its  different  appearances  only  to  the  form  and  arrangement  of 
its  parte  ;  or  whether  there  are  various  kinds  of  simple  mnttf  r,  f^>*scntially 
distinct  from  each  other ;  but  tlio  probability  appcai-s  to  1-  in  favour  of 
the  former  supposition.  However  thiiu  may  be,  the  properties  of  matter 
are  by  no  means  so  simple  iii  their  nature,  nor  so  easily  reducible  to  gene- 
ral laws,  as  the  more  mathematical  doctrines  of  space  and  moiiun  ;  and 
since  our  knowledge  of  them  depends  more  on  experience  than  on  abstract 
principles,  they  may  properly  be  considered  as  bdonging  to  particular 
physicSi  We  haTC  ftinnd  no  inconvenience  from  the  omission  of  the  doc- 
trine of  matter  asa  part  of  the  subject  of  mechanics ;  although,  in  treating 
of  the  strength  of  materials^  aa  subsenrient  tcpraotical  meehanics,  it  was 
seoessaiy  to  consider  the  efiects  of  some  of  these  properties  ae  deduced  from 
experiment ;  but  it  will  appesr  that  it  was  impossible  to  examine  their 
origin  and  mutual  connexion,  without  suppoding  a  previous  knowledge  of 
many  other  departments  of  natural  philosophy. 

We  may  distinguish  the  general  properties  of  niatt^^r  into  two  principal 
classes,  those  which  aji]>enr  to  be  inseparable  fn 'in  it":;  constitution,  and  those 
which  are  only  accidental,  or  ^vbich  are  not  alway.-^  ;itta<  hcd  to  matter  of 
all  kinds.  The  essential  [>rupcriies  are  chiefly  ext^.Dsion  and  divisibility, 
density,  repulsion,  or  ii  ii  i  iietrability,  inertia,  and  gravitation  ;  the  acci- 
tieulal  properties  are  in  great  mcaiiure  dependent  on  cohesion,  as  liquidity, 
solidity,  symmetry  of  aiTangement,  cohesive  elasticity,  stifiiies^  touglmess, 
strength,  and  rerilienee* 

The  eztenrion  of  matter  can  scarcely  be  considered  as  a  property  sepa- 
rate from  tte  impenetrability,  unless  we  conoeive  that  it  can  occupy  space, 
withcut  excluding  other  bodiee  from  it.  This  opinion  has  indeed  been 
maintained  by  some  philceophen^  who  have  imagined  that  the  minute 
particles  whidi  they  suppose  to  constitute  light,  may  penetrate  the  ulti- 
mate atoms  of  other  matter  without  annihilating  or  displacing  them; 
and  if  this  hypothesis  were  admitted,  it  would  be  necessary  to  consider 
each  piirtic  lo  of  matter  as  a  sphere  of  repulsion,  extended  witliout  being 
impenetrahlo. 

The  divisibility  of  matter  ih  great  heyond  the  power  of  imagination,  but 
we  have  no  reation  for  assertini;  that  it  is  infinite  ;  for  the  demoastiatious 
which  have  sometimes  been  adduced  in  favfuii  of  this  opinion,  are  obvi- 
ously appheablc  to  space  only.  The  infinite  divisibility  of  space  seems  to 
be  essential  to  the  couceptiou  tliat  we  have  of  its  nature ;  and  it  may  be 
strictly  demonstrated*  that  it  is  matfaematicaily  possible  to  draw  an  infinite 
number  of  cirelee  between  any  given  circle  and  its  tangent,  none  of  which 
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dukU  touch  either  of  them,  except  at  the  general  point  of  contact ;  and  that 
a  fihip,  following  always  the  same  ohUqne  ooune  with  MSpeoi  to  the  mtnA- 
dJaa,  for  examploi  sailing  nofQi  eaatwiids,  wonld  eon1i&«e  perpetoallj  to 
.  approadi  the  pole  without  ever  oompletdy  feadiing  it.  But  urikea  w« 
inquire  into  the  truth  of  the  old  maadm  of  the  ae1iool%  that  all  matter  ia 
infinitely  divisible,  we  are  by  no  means  dbla  to  dsdde  so  poeitively.  New- 
ton observes,  that  it  is  doubtful  whether  any  human  hiphps  inny  be  suffi- 
cient to  separate  the  particles  of  matter  beyond  a  tei  tain  Innit  ;  and  it  is 
not  iniposHihle  that  there  may  be  some  constitution  of  atvins,  single 
corpuscles,  on  which  their  properties,  as  matter,  depend,  and  wiiich  would 
be  deetragred  if  the  vnita  were  farther  divided ;  bat  it  appears  to  be  move 
probable  that  tiiere  are  no  saeh  atoms ;  and  even  if  thws  an^  it  Isafanoat 
oettain  that  matter  is  nerer  thus  annihilated  In  fha  oowimon  oouiso  of 
aatore.* 

It  remains  to  be  examined  how  far  we  have  any  experience  of  the  actoal 
extent  of  the  divisibility  of  matter ;  and  we  shall  find  no  appearance  of  any 
thin^f  like  a  limit  to  this  proj>erty.  The  smallest  spherical  object,  visible  to 
a  gotnl  eye,  is  about  tVott  <^'f  inch  in  diameter  ;  by  the  assistance  of  a 
microscope,  we  may  perhaps  distinguish  a  body  one  hundredth  part  as 
large,  or  tWvtv  of  an  inch  in  diameter.  The  tiiickness  of  gold  leaf  is 
less  than  this,  and  the  gilding  of  laos  is  still  thinner,  probably  in  soma 
cases  not  aboTS  one  ten  millionth  of  anindi ;  so  tibat  WW  of  agraan  would 
eoTera  Bqaareindb,  and  a  portion  barely  Isige  rn  uigh  to  be  visible  by  a 
microeoope,  might  weigh  only  the  80  million  millionth  part  of  a  grain.t 
A  grain  of  musk  is  said  to  be  divisible  into  i\20  quadrillions  of  parts,  each 
of  which  is  eajjable  (»f  affectintr  fho  olfactory  nerves.  There  are  ev«»Ti  living 
beings,  visible  to  the  micr  sc  i  |u ,  of  wMiich  a  million  millio!i  wuul  i  not 
make  uj)  the  bulk  of  a  common  grain  of  sand.  But  it  ii»  still  more  remark- 
able, that,  as  far  aa  we  can  discover,  many  of  these  animalcules  are  as 
complicated  in  their  stmetnre  as  an  elephant  or  a  whale.  It  is  traa  that 
the  physiokigy  of  the  ▼arions  ftla— as  of  animals  is  eomewbat  more  mplo  as 
they  deviate  more  Ikom  the  form  of  qnadrapeds»  and  ham  thai  of  the 
human  species ;  the  solid  particles  of  Uie  blood  do  not  by  any  means  vbij 
in  their  magnitude  in  the  same  ratio  with  the  bulk  of  the  animal ;  and 
some  of  tlie  lower  clas«ps  nppear  to  approximate  very  nnioh  to  tlir  natore 
of  tlie  vegetable  worid.  But  there  are  single  instatices  that  seem  wholly 
to  destroy  this  gradation  :  Lyonnet  has  discovered  a  far  greater  variety  uf 
parts  in  the  caterpillar  of  the  willow  butterfly,  than  we  can  observe  ui 
many  animals  of  the  largest  dimensions;  and  amooig  the  microoeopie 
inseots  in  partieulary  ws  sss  a  prodigality  of  madunsry,  anbaenieut  to  tha 
▼arunis  purposes  of  the  oontracted  life  of  the  little  animal,  in  flis  stmetnra 
of  which  nature  appears  to  bo  oatentatioBS  of  her  power  of  gifiog  perfbetion 
to  her  minutest  works. 

If  Newton's  opinion,  respecting  the  origin  of  the  colours  of  natoral 
bodies  in  geoeral,  were  sofficiently  eetabliahed,  it  would  afford  us  a  limit 

*  Consult  WoUMton,  Ph.  Tr.  1822. 

t  SeeHalley,  Ph.  Tr.  1693,  p.  540.  NidiolMni,  ibid.  1789,  p.  286.  Hntton's 
UbmL  of  Montttda's  Mathemitfail  Reorastioiii,  4  vols.  Loud.  1803,  voL  iv.  p.80. 
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to  the  (^ivi<«iT>i!ity  of  matter  \v\th  respect  to  coloured  s\i1>stances ;  for  the 
colours  of  thin  transjmrpnt  ^u]><:tanres,which  he  considers  as  resembling  those 
of  most  other  suhstAnces,  are  no  longer  observable,  in  any  known  medium, 
when  the  thickness  is  leas  than  about  ^^'q^  of  an  inch.  But  we  have 
positive  evidence  that  coloured  substances  may  be  reduced  to  dimensions 
ikr  below  this  limit ;  besides  the  instance  of  the  gilt  wire,  which  has  already 
"htm  moitioiied,  a  partiele  of  cannlm  may  ■tOl  rataiii  its  cobur,  whoi  its 
tUckneM  ia  no  more  than  one  thirty  millionth  of  an  inch,  or  one  rfxtieth 
part  of  tiie  limit  dedneed  ftom  thb  suppositlott  of  Newton ;  and  It  k 
fine  sesfody  poMlble  {hat  flie  oolonn  of  sueli  anbetanoee  em  piedaely 
neembk  fhom  of  thin  plate^  aUhongh  th4y  may  perhaps  still  he  In  some 
mcasnxe  analogous  to  them. 

Impenetrability  is  usoally  atfcrihnted  to  matter,  ftom  &e  oommon  obser- 
vation that  two  bodies  cannot  occupy  the  same  place  at  once.  And  it  is 
thus  that  we  distingruish  matter  from  space ;  for  example,  when  we  dip 
an  inverted  jar  into  in(  rrury,  the  air  coniiined  in  the  jar  depresses  the 
surface  of  tlie  mercury,  and  prevents  its  occupying  the  .s])aee  within  the 
jar:  hut  if  the  jar  had  been  void  of  matter,  like  the  space  alK)ve  the  mer- 
cury of  a  barometer,  nothing  would  have  jirevontod  its  being  filled  by  tlie 
mercury,  as  soon  as  either  its  weight  or  the  pressure  of  the  atmosphere, 
urged  it  to  enter  the  jar. 

Bnt  it  does  not  appear  that  onr  senses  are  fully  competent  to  extend  tUs 
proposition  to  all  substanoea^  whether  material  or  not  We  cannot  prove 
experimentally  that  the  influence  of  gravitation  is  Incapable  of  pervading 
eren  the  nltunate  partteles  of  solid  matter,  for  this  power  appears  to  sniler 
no  diminntion  nor  modlficstion,  when  a  ihlid  body  is  interposed  between 
the  two  ffvnitthvj;  masses.  In  the  same  manner,  a  magnet  operates  as 
rapidly  on  a  needle,  through  a  plate  of  glass  or  of  gold,  whatever  its  thick- 
ness  may  be,  as  if  a  vacuum  only  intervened.  It  nifty»  however,  be 
inquired  if  the  gold  or  th^  glass  has  not  certain  passages  or  pores,  through 
which  tlie  influence  may  he  transmitted  :  and  it  ma}'  be  shown,  in  many 
instances,  that  substances,  apparently  «5nli<1,  have  abundant  orifices  into 
which  other  substances  may  enter  ;  thtis  mercury  may  easily  be  made  to 
pass  throuirh  leather,  or  throug^h  wood,  hy  the  pressure  of  the  atmosphere, 
or  by  any  other  equal  force  :  and,  however  great  we  may  suppose  tlie  pro- 
portion ci  the  pores  to  the  solid  matter,  it  may  be  observed,  that  it  requires 
only  a  more  or  less  minnte  division  of  the  matter,  to  rednee  the  magnitude 
of  the  intentiees  between  the  neighbouring  ])artides  within  any  given 
dimensions.  Thus  platina  contains,  in  a  cubic  inch,  above  200  thousand 
times  as  many  gravita^g  atoms  as  pure  hydrogen  gas,  yet  both  of  these 
mediums  are  ftee  from  sensible  interstices,  and  appear  to  be  equally  con* 
tinuous ;  and  there  may  possibly  be  other  snbstanees  in  nature  that  contain 
in  a  given  space  200  thousand  times  as  many  atoms  as  platina ;  although 
this  supposition  is  not  positively  probable  in  all  its  extent ;  for  the  earth  is 
the  densest  of  any  of  the  celestial  bodies  witli  which  we  are  fully  ac- 
quainted, an<l  the  earth  is  only  one  fourth  as  dense  as  it  it  were  comf»osed 
entirely  of  platina;  so  that  we  have  no  reason  to  believe  that  Uiere  exists 
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in  tlM  BoUur  qnt«m  my  eonsidenble  qwaiity  of  a  aabfUnoe  evea  ■»  d«iiie 
asplaluia. 

Besides  tliis  ]  or  Hy,  there  is  still  room  for  the  fiuppoation,  that  eresitiie 
ultimate  particles  of  matter  may  be  permeable  to  the  canses  of  attracUona 
of  various  kinds,  t>«j>p<  ially  if  those  causes  are  immaterial :  nor  is  there 
anything  in  the  unprejudiced  study  of  physical  philosophy  that  can  induce 
us  to  doubt  the  existence  of  immaterial  substances  ;  on  the  contrary  we  see 
analogies  that  lead  us  almost  directly  to  such  an  opinion.  The  electrical 
fluid  it  supposed  to  bo  oaaeatialljr  diflbtent  item  oommon  matter;  Iho 
geatnX  medium  <^  Ught  and  lieot»  Mooring  to  eome^  or  the  principle  of 
calorie^  aeeording  to  others^  la  equally  distinet  ibom  it  Wo  eee  fomia  of 
matter,  differing  In  eubUUty  and  moliilitjr,  under  the  namee  of  eolida, 
Uquidsy  and  gaaei;  above  these  are  the  semimaterial  existences  which 
produce  the  ])henomena  of  electricity  and  magnetism,  and  either  caloric  or 
a  universal  ether  ;  higher  still  perhaps  are  the  causes  of  gravitation,  and 
the  immediate  ageuta  in  attractions  of  all  kiinU,  w  hich  exhiliit  some  phe- 
nomena apparently  still  more  remote  from  ail  that  is  compatible  with 
maleiial  bodies ;  and  of  these  different  oidere  of  beings,  the  more  refined 
and  immaterial  appear  to  perrade  fieely  the  gneier.  It  eeems  therefore 
natural  to  bdieve  that  the  analogy  may  be  continued  etill  luiiher,  until  it 
riaee  Into  existences  absolutely  immateirfal  and  ipiiituaL  We  know  not 
but  that  thousande  of  spiiitual  worlde  may  exist  unseen  for  evcor  by  human 
eyes  ;  nor  have  we  any  reason  to  suppose  that  even  the  presence  of  matter, 
in  a  given  spot,  necessarily  exclu<le^  these  existences  from  it.  Those  who 
maintain  that  nature  always  teems  with  life,  wlierever  living  beings  can  be 
placed,  may  therefore  ^speculate  with  freedom  on  the  possibility  of  indepen- 
dent worlds ;  some  existing  in  different  parts  of  space,  others  pervading 
each  other,  uaaeen  and  unknown,  in  the  same  ipace,  and  others  again  to 
which  apace  may  not  be  a  neceaaaiy  mode  of  esdalcnoe. 

Whatever  opinion  we  may  entertain  with  respect  to  the  ultimate  impe- 
netrability of  matter  in  this  sense,  it  is  probable  that  the  particles  of  matter 
are  absolutely  impenetrable  to  each  other.  This  iuipenetrahility  is  not 
however  commonly  called  into  effect  in  cases  of  ai)parent  contact.  If  the 
particles  of  mutter  constituting  water,  and  steam,  or  any  other  eras,  are  of 
the  same  nature,  those  of  the  gas  cannot  be  in  perfect  contact ;  and  when 
water  is  contracted  by  tlie  effect  of  cold,  or  when  two  fluida  hate  their 
joint  bulk  diaUdwd  by  mixture,  ea  in  the  caae  of  akohd  or  aniftirie 
acid,  and  water,  the  partidee  cannot  hare  been  in  absolute  eontact  bifore, 
although  ih^  would  have  reiiBted  wi&  great  fome  any  attempt  to  com- 
preaa  them.  Uelala  too,  of  all  kinds,  which  have  been  melted,  become 
permanently  more  dense  when  they  are  hammered  and  laminated.  A  still 
more  striking  and  elegant  illustration  of  the  nature  of  repulsive  force  is 
exhibited  in  the  contact  of  two  pieces  of  polished  gla'<«'.  The  colours  of 
thin  platen  afford  us,  hy  comparison  with  the  observations  of  Newton,  the 
most  delicate  micrometer  that  can  be  desired,  for  measuring  any  distancee 
lees  than  the  ten  thousandth  of  an  indi :  it  waa  remarked  by  Newton  him- 
aelf,  that  when  two  plates  of  glaas  are  within  about  this  diataaca  of  eaeh 


Digitized  by  Google 


ON  THE  ESSENTIAi;  PROPRRTtES  OF  MATTER.  469 

other,  or  somewhat  nearer,  they  support  eaeh  other's  weight  in  the  same 
liiHimer  as  if  tlicy  were  in  ,u  tiial  contact,  and  that  some  additional  force  is 
required  ia  order  to  make  them  approach  still  nearer ;  nor  docs  it  appear 
probable  that  the  eontaet  is  ever  perfect,  otherwise  they  might  be  expected 
to  coii«N  in  moh  »  maoiMr  a*  to  beeoa«  0116  nittM* 
liM  Mwertaliwd  by  ezperiment  force  necetsary  to  produce  ihe  greeteet 
poMlUe  dqgiee  of  eontaet*  and  finds  it  eqniTalent  to  a  piesiue  of  about  a' 
thoaaand  pomida  for  ereiy  equate  inch  of  ^aak  It  is  theiefore  obTione 
that  in  all  eommon  caaea  of  ttie  eontaet  of  two  Satinet  bodiea,  it  nraet  be 
this  repulsive  force  that  retains  them  in  their  sitnation*  I  have  found  that 
giaasy  placed  on  a  surface  of  metal,  exhibits  this  force  nearly  in  the  same 
degree  as  if  placed  on  another  piece  of  glass ;  it  is  also  independent  of  the 
presence  of  air  ;  but  tinder  water  it  disappears. 

The  existence  of  a  repulsive  force,  extending'  beyond  the  actual  surface 
of  a  infLti  ri  il  suf>staace,  beinf?  proved,  it  has  been  conjectured  by  some 
that  such  a  f  in  o,  anconnected  with  any  central  atom,  may  be  stifficient  for 
producing  all  the  phenomena  of  matter.  This  represetitntion  may  be 
admitted  without  much  difficulty,  provided  that  it  be  allowed  that  the 
force  lieoomee  infinite  at  or  near  the  centre ;  but  it  has  been  sometimes 
anppoesd  that  it  ia  every  when  lesa  than  infinite^  and  conscqnently-  tiiat 
mattar  ia  not  absolately  impenetrable ;  sndi  a  supposition  appeara  however 
to  lead  to  the  necewtty  of  bdiering  that  the  particles  of  matter  must  some* 
thnee  be  Annihilated,  whieh  ia  not  a  very  probable  opinion. 

The  magnitude  of  the  rspuhsTe  force  by  which  the  particles  of  any  angle 
body  are  enabled  to  resist  compression,  increases  Timrly  in  proportion  to 
the  degree  of  compression,  or  to  the  decrsase  of  the  distances  between  the 
particles.  This  is  almost  a  necessary  consequence  of  any  primary  law 
that  can  be  imagined,  for  the  imnu  fliate  actions  of  the  jmrticles  :  for 
instiince,  if  the  repulsion  inrrc  l^lmI  eitlipr  as  the  square  or  as  the  cube  of 
the  dibtauce  diminished,  the  eiiect  of  a  double  change  of  dimensions  would 
always  be  nearly  a  double  change  of  the  repulsive  force  ;  that  is,  if  an 
elastic  substance  were  compressed  one  thousandth  part  of  its  bulk,  it  would 
in  either  case  resist  twice  as  much  as  if  it  were  only  compressed  one  two 
thoussttdth. 

It  is  obrioua  that  if  the  partidea  of  matter  are  possessed  of  a  repnlstTO 
foroe  decreasing  in  any  regular  proportbn  with  the  ineieass  of  distance, 
they  can  never  remain  at  rest  witiiont  the  opemtion  of  some  external 
pleasure,  but  will  always  retein  a  tendency  to  expand.  This  is  the  cass  of 

aU  elastic  fluids,  the  density  of  which  is  found  to  vary  exactly  as  the  com- 
pressing force,  whence  it  may  be  demonstrated,  that  the  primary  repulsive 

force  of  the  particles  must  increase  in  the  same  proportion  as  the  distance 
decreases.  It  follows  also  that  this  force  can  only  hp  exerts  1  between  such 
particles  as  are  either  Rctually  ur  very  ncf^rly  \n  cniit;i<  t  with  each  other; 
since  it  requires  no  greater  pressure,  acting  on  a  given  (Surface,  to  retain  a 
gailuu  of  air  in  the  space  of  half  a  gallon,  than  to  retain  a  pint  in  the  space 

*  Bobison's  Meeh.  FUl.  voL  i.  CorpeeeolKr  Action,  art.  241.  8se  siso  Hoy^ 
gsni,  Ph.  T^.  No.  M.   H«disbee»  ibid.  1709*  p.  306. 
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dt  half  a  pint ;  which  could  nut      if  tlw  paffalw  nnwtiilli  •  mqtml 

repulsion  at  all  possible  distancea. 

Mr.  Dalton*  hiis  proposed  a  singular  theory  re8|>ecting  the  coustitution 
and  mutual  re])ulsion  of  elastic  fluids ;  he  imagines  that  when  any  two 
gasea  of  difFereut  kijuls  are  mixed,  the  particles  of  each  gas  repel  oaly  the 
aimilar  particles  uf  the  aaiue  gas,  witliout  exertiug  auy  action  on  those  of 
ibfi  otber  gas,  except  when  tbe  ultimate  solid  atoniB  «hm«  to  intnCBn. 
Hie  Idea  is  ingenioiis  and  origins]»  and  majr  peilia^  be  «l  use  in  eonnaot* 
ing  some  Ikcts  tqgetlier»  or  in  leading  to  some  other  lem  in^obaUe  snppo- 
sitions ;  but  it  may  easily  be  shown,  that  Mr.  Dalton*8  hypothesis  cannot 
possibly  be  true  in  all  its  extent,  since  it  would  follow  from  it,  that  two 
portions  of  gases  of  different  kinds,  could  not  exist,  for  a  sensible  time,  in 
the  same  vessel,  without  being  uniformly  diffused  tlirini;^hout  it,  while  the 
fact  is  clearly  otherwise  ;  for  hydrogen  gas  remains,  \^  Ian  left  completely 
at  rest,  a  very  considerable  time  above,  and  carbonic  acid  gaji  below  a 
portion  of  common  air  with  which  it  is  In  «x»tset;  nor  is  there  any  civ- 
cnmstanoe  attending  the  mixture  of  gsens^  which  majr  not  be  exphuned 
without  adopting  so  paradoxical  an  opinion*  Hr.  Dalton  thinks  thal^ 
from  the  laws  of  hydrostatic^  no  two  gassi^  not  cheasically  united,  ooold 
remain  mixed,  if  their  particles  acted  mutually  on  each  other :  but  the 
laws  of  hydrostatics  do  not  apply  i*>  the  inixture  of  single  particles  of  fluids 
of  dificrent  kinds  ;  since  they  an  only  derived  from  the  supposition  of  a 
collection  of  ])artielesof  the  same  kuiU. 

In  h<^uids  and  in  i>oUds,  this  repultdve  force  appears  ut  hrst  sight  to  be 
venting ;  bat  when  we  oonsider  that  the  particles  both  of  liqnida  and  of 
aoUda  are  actuated  bj  the  attractive  force  of  cohesion,  we  shall  sse  the 
necessity  of  the  preeence  of  a  repnlsiTe  foroe»  in  order  to  balance  it ;  it  ii^ 
therefore,  probahle  that  the  parUdee  of  aeriform  fluids  still  retain  tholr 
original  repulsive  powers,  when  thsj  are  reduced  to  a  state  of  liquidity  or 
of  solidity,  by  being  subjected  to  the  action  of  a  second  force  whish  canasa 
them  to  cohere. 

The  mutual  repul^ii  n  of  the  particles  of  nmLtcr  is  a  recijirocal  force, 
acting  equally,  in  opposite  directions,  ou  each  of  the  bodies  coucerited.  It 
scarcely  requires  either  experiment  or  argument  to  show,  that  if  two 
bodies  repel  each  other«  neither  of  them  will  remain  at  rBBl»  bnt  both  of 
them  will  mo?^  with  equal  qnentities  of  motion.  Thus»  if  a  portton  of 
oondenaed  air  be  mads  to  act  upon  Ae  bviUet  of  an  air  gun,  it  will  force  the 
gun  backwards  with  as  much  momentum  as  it  impels  the  bullet  forwards. 

Inertia  is  that  property  of  matter,  by  which  it  retains  its  state  of  rest  or 
of  uniform  motion,  with  regard  to  a  quiescent  space,  m  hmn  as  no  foreign 
cause  occurs  to  change  that  state.  Tliip  pro]>erty  *K  pends  on  the  intimate 
constitution  of  matter  ;  it  h  generally  exiulnted  by  meana  of  the  foroe  of 
repulsion,  which  enables  a  body  in  motion  to  displace  another,  in  order  to 
continue  its  motion,  or  by  means  of  some  attractive  forces  whldi  canaesiwo 
bodise  to  aj^roaoh  their  common  centre  of  ineftin  with  eqnal  momenta. 

♦  Manchester  Mrmnirs,  vol.  r.  Sec  nlso  rirnham,  YjYrn.  Tr.  18,"^!  ;  Thonr'ori, 
Fhtt.  M«g.  3rd  Ser.  vol.  iv.  p.  221,  bj  whom  the  hypothem  of  Oaltou  i«  estabUftUfid. 
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Another  universal  property  of  matt*  i  is  rtHripnuul  irravitation,  of  which 
the  force  is  directly  iu  the  joint  propyrtion  of  the  quantities  of  matter  at- 
tracting each  other,  and  inversely  as  the  square  of  their  distance.    In  order 
to  pri)ve  that  the  gravitation  towards  a  given  substance,  for  instance,  the 
weight  of  a  hody,  or  its  gmTitstioii  towtids  iStuB  esrfli,  is  precisely  in  pro- 
postion  to  the  mam  or  lii«rtia  of  the  momMt  mslter  of  which  H  eonsiafB, 
Sir  Inae  Kewton  Hiade  two  eqnal  pmdahiiBi,  with  hdlow  halb  of  equtl 
nie:  in  order  ihat  the  rMMwiea  of  the  air  mSghi  he  the  seWwith  reepert 
to  botfly  be  ^aoed  roofcsrifely  wMila  the  balls  a  Tsiiely  of  dUftfent  euh- 
ataaees,  and  found  that  the  time  of  TibraUon  remained  always  the  nme ; 
wbance  he  inferred  that  the  attractkm  was  proportional  in  all  cases  to  the 
quantity  of  matter  powwsing  inertia.  For  if  any  of  these  substances  had 
contained  particles  capable  of  receiving  and  communicating  motion,  yet 
without  belnir  liable     (rravltation,  tbcv  would  have  retarded  the  vibrations 
of  the  pendiihim,  !  v  adding  to  tlie  *|uantityof  matter  to  be  inrivcfK  witliout 
increasinir  tJie  i no vinp;  force,     l  lie  law  of  LTavitation,  which  indjcittcs  the 
ratio  of  its  increase  with  tlie  diminution  of  the  ili.stance,  is  principally 
deduce<l  from  astronomical  observations  and  computations :   it  is  the 
simplest  thai  can  be  conceived  fur  any  influence,  tliat  either  spreads  from  a 
eentre,  or  converges  towards  a  centre ;  for  it  supposes  the  foree  acting  ou 
tiie  nme  sahitaiioe  to  be  always  proportioiial  to  the  angular  space  that  it 
oecnpies. 

Newton  appears  to  have  oonsldevod  tlises  laws  of  grafitationy  wMeh  be 
first  discovered,  latfier  as  dsrlTatlYe  than  as  original  properties  of  matter; 
and  aKbongfa  it  has  often  been  asserted  fliat  we  gain  nothing  by  referring 
them  to  pressure  or  to  impulse  yet  it  is  nndonhtedly  advancing  a  step  in  Uio 
explanation  of  natural  phenomena,  to  lessen  the  number  of  general  prin" 
ciples ;  and  if  it  were  possible  to  refer  either  ail  attraction  to  a  modification 
of  repulsion,  or  all  repulsion  to  a  modification  of  attraction,  we  Hhouhl 
make  fin  improvf  incut  of  the  saTuo  kind  as  Newton  made,  when  he  reduced 
all  the  diversitied  iii<  tinns  of  the  heavenly  bodies  to  the  universal  law?*  of 
gravitsition  only.  We  have,  however,  at  preseut  Uttle  prospect  of  such  a  siiu- 
plititiitiuii. 

It  \iaa  been  of  late  very  custonmiy  to  consider  all  the  phenomena  of 
nalare  as  derived  from  the  motions  of  the  corpnseles  of  matter,  agHatcd  by 
foroes  Tarying  according  to  certain  iairieate  laws,  which  are  supposed  to 
be  primary  qualitief^  and  fat  whidi  it  is  a  kind  of  sacrilege  to  attempt  to 
ssrign  any  ulterior  canse^  Tliis  theory  was  chiefly  Introduced  by  Bosoo-  V 
ftei^*  and  It  has  prsTBlled  my  widdy  among  algebraical  phllosophen^  who 
have  besn  in  the  habit  of  deducing  aU  their  quantHtes  from  each  other  by 
anthemalical  relations^  making,  for  example,  the  force  a  certain  function 
or  power  of  the  distance^  and  then  imagining  that  its  origin  is  safhciently 
ezphdned ;  and  when  a  geometrician  has  translated  this  language  into  his 

•  De  Viribua  Vivia,  4to,  1/45  }  De  Luminc,  Ito,  1748  ;  De  Lo^e  (  ontuiuiiatw, 
4to,  1754  ;  De  LcgcViriom  inKaturA  exiiitcittium,  4to,  17.').');  Divisibilitate 
Materia' rt  Priiu-ipiis  Corpnruni,  )tn,  17'";  Tlinriii  I*1iiIo>oj)hiiL'  NaluraUs,  4tO, 
1763,  p.  4,  Venice,    i^ee  alito  lieDveuut«u,  i'lijrucue  Geneiulis  Sjnopsis, 
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own,  and  oonvuted  the  fman]*  Into  a  eom^  wifli  as  many  lUnns  and 
Mfleefci4»8  aa  <he  labyrinth  «f  Daadalu%  ha  imagiii«a  that  ha  haa  dtpictad 
to  tha  aouM  the  whole  pfoeednre  of  nataxe.  Such  methoda  nay  oAni  be 

of  temporary  ad  vantage,  as  long  as  we  are  contented  to  consider  them  aa 
apprnxiiniUions,  (»r  as  cl.issifi  cut  ions  of  plicnomena  only;  but  the  grand 
sclieuie  of  the  univertte  inu«»t  iiurely,  aaiidbt  all  tlie  stii})endou8  diversity  of 
partti,  pretierv  c  u  more  dignified  simplicity  of  plan  and  of  principlee^  ihfMt 
is  compatible  with  tliese  complicated  suppositions. 

"  To  show,"  says  Newton,  in  the  piefiMe  to  the  aecond  edition  of  hia 
Optiea^  that  I  do  not  take  gwrity  for  an  eaientlal  property  of  bodiei»  I 
have  added  one  qneition  oonoemiiig  ito  canas^  ehnoeing  to  piopoae  it  by  way 
of  a  question,  becauM  I  am  not  yet  satisfied  about  It  for  want  of  experi- 
ments/* In  the  query  here  mentioned,  he  proceeds  from  the  supposiUon  of 
an  elastic  medium,  pervadintr  nil  space;  a  supposition  which  he  advances 
with  con.si<kTal)le  confidence,  and  which  he  bU|)p()rt.s  hy  very  strong  arpii- 
meuti<,  deduced  as  well  from  the  phenomena  of  light  and  heat,  aa  from  the 
analogy  of  the  electrical  and  luaguetic  influences.  This  medium  he  supposes 
to  be  nrach  raxor  within  the  danae  bodiea  ef  die  sun,  the  stars,  the  planets, 
and  the  oometi^  than  in  the  empty  celestial  spaces  between  them,  and  to 
grow  more  and  more  denae  at  greater  distances  from  thorny  so  that  all  these 
bodies  are  naturally  forced  towards  each  other  by  the  exoess  of  preaBOie. 

The  effects  of  gravitation  might  be  produced  by  a  medium  thna  eonati* 
tutcd,  if  its  particles  were  repelled  by  all  material  substances  with  a  force 
decreaf?ing,  like  other  repulsi\  e  forces,  simply  as  the  distances  increase  ;  its 
density  would  then  be  every  where  such  as  to  produce  the  appearance  of  an 
attraction  varying  like  that  of  gruviuiilon.  Such  an  ethereal  medium 
would  therefore  have  the  advantage  of  simplicity,  in  the  original  law  of 
ito  action,  onee  the  repulsive  force  whiofa  ia  known  to  belong  to  all  matter, 
would  be  aiiiBMent,  wlien  thna  modii&ed,  to  aoconni  for  the  principal  phaao* 
mena  of  attraction. 

It  may  be  questioned  whether  a  medium,  capable  of  producing  the  efiecto 
of  gravitation  in  this  manner,  would  also  be  equally  8U8ce})tihle  of  those 
modifications  which  we  }ir\v»^  NU]>|»<>«-ei1  t<>  he  necessari'  for  tho  trr;n<<nii>^-^inn 
of  light.  In  either  case  it  must  he  --upposcd  t<»  j>ass  tlirouifh  the  a{»parcnt 
suhntaiu-e  of  all  material  hodies  wuli  liu'  most  perfect  freedom,  ami  there 
would,  Uierefore,  be  no  occasion  to  apprehend  any  difficulty  from  a  retard- 
ation of  the  oeMial  motions ;  thenltiinato  impenetrable  partleltaof  matter 
being  perhaps  scattered  aa  thinly  through  Ito  axtomal  fimn  aa  the  alara 
are  scattered  In  a  nabnia,  whieh  baa  still  the  distant  appcataaoe  cf  a 
nniform  light  and  of  a  continnona  BOrface  :  and  there  seeow  no  reason 
to  doubt  the  possibility  of  the  propagatiim  of  an  undulation  throii(^  tha 
Newtonian  medium  vdih  the  actual  velocity  of  light.  It  must  he  remem- 
bered that  the  clittcrence  of  it^  pressure  is  not  to  he  estimated  from  the 
actual  hulk  of  the  earth  or  any  otlier  planet  alone,  but  from  the  effect  of  the 
sphere  of  repulsion  of  which  that  planet  is  the  centre;  and  we  may  then  de- 
duce the  force  of  gravitotbn  from  a  medium  of  no  very  enormous  elasticitj-* 

Ve  abaU  hereafter  find  that  a  aimilar  eombination  of  a  simple  preanra*.  « 
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witli  a  variable  repulsion  is  abo  observaijle  in  tlie  force  of  cohesiuu ;  and 
supposing  two  particks  matter,  floating  in  sueh  an  daitic  medium, 
oftpdblt  of  producing  gmvitetkNiy  to  approadi  msk  oUmt^  tMr  mntnal 
sttmotion  would  at  onee  be  changed  from  graTilation  toeoheiieB,upoii  the 
molmion  of  the  portion  of  tha  mediom  interfoning  1)etw«en  them.  This 
nnppowtion  i%  hovovVydiioDtljopposte  to  thai  which  aarijpw  to  thaelaotia 
madimn  tibo  power  ol  passing  freely  through  all  the  intentioaa  of  the  uHi- 
mate  atoma  of  matteryaince  it  could  never  pass  between  two  atoma  cohering 
in  this  manner;  we  cannot  therefore,  at  preaent^  attempt  to  assert  the 
identity  of  the  forces  of  gravitation  and  cohesion  so  strongly  this  theory 
would  allow  im  to  <lo,  if  it  co\ild  he  establislied.  In  short,  the  whole  of  our 
inquiries  reis|ieclin^  tiie  iutiiu  ite  ii  itiirp  of  forces  of  any  kind,  mubt  be  oon- 
-aidwed  merely  uh  specuhitive  aniui5t;iueiiis,  which  are  of  no  further  utility 
tliau  as  tliey  make  our  views  more  general,  ixad  assist  our  experimeuui 
investigations. 
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LECTURE  L. 


ON  COHESION. 

THf>sK  properties  of  matter,  which  we  have  lately  examined,  if  they  are 
not  aitsohitcly  inHppjirfiiilo  from  its  constitution,  arc,  at  least,  always 
found  attached  to  sucJi  matter  as  we  are  able  to  submit  to  our  exj)eri- 
ments.  There  are,  however,  many  other  general  aticctions,  to  which  all 
matter  appears  to  be  liable,  although  none  is  |>crpctually  subjected  to 
J^tm,  and  thtit  as9  principally,  if  noi  entirely,  dependmi  w  Am  Ibne  of 
eohMkni. 


i 
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In  order  that  any  two  piitfelM  of  mattar  may  eolifln^  H  i*  iwoemiy 
tluil  tiny  be  wiUda  •  vuy  small  distance  of  e4ch  other,  and  tlw  dtmtif^ 

of  any  substance,  composed  of  cohesive  particles,  must  probably  always 
be  more  than  half  crpat  as  that  of  water.  There  are  indeed  some  84>lid9 
apparently  a  little  lighter  than  this,  but  they  appear  to  be  extrenn  ly 
porous :  and  perhaps  the  solid  substantes  of  boiue  of  the  celestial  bodies 
may  also  be  a  Utile  more  rare.  It  frequently  happens,  that  Uie  compres- 
flion  of  an  «lastte  flud  aIom  is  iufialiiitio  «nu»  tlit  ferae  of  oahiaioB  to 
take  plem  between  ite  jartielee ;  Uau,  if  oonjoon  steam  be  expoeed,  in  « 
close  Teseel,  to  a  pieerore  gieatsr  than  thai  of  tlie  ateaeplion^it  will  be 
wholly  condensed  into  water,  provided  that  no  elevation  of  temperature  be 
allowed  :  and  the  same  has  been  experimentally  shown  of  nuiny  other 
aeriform  fluids,  which  may  be  reduced  to  liquidw  by  presnnre  ;  but  others 
of  these  fluids  retain  their  elasticity,  notwithstanding  any  foroe  whieh 
Iiuman  art  can  apply  to  them. 

It  is  probable  that  as  soon  as  the  paiUcles  of  any  elastic  fluid  are  brought 
widiiii  the  raadk  of  the  forae  of  oohe^n,  it  eomnMneee  at  onee  in  ito  fnll 
extent^  eo  as  to  cauw  them  to  mdi  together*  until  it  is  bslaaoed  by  thai  of 
repnlflioDy  idiidi  oontinna]ly  inereaaee  as  the  partides  appraach  nearar  to 
eadi  other ;  they  must  tlien  remam,  perhaps  after  some  vibniioiiai  in  a 
state  of  eqinlibiinm  ;  and  if  any  eanee  shooki  tend  to  sepan^  them,  or  to 
bring  them  nearer  together,  they  wonld  resist  it,  in  either  case,  with  a  force 
proportional  to  the  de|^ree  of  extension  or  coniprcHsion.  The  distance  at 
wliich  Uie  force  of  cohesion  coiuuienc<»,  is  not  the  tjame  for  all  kinds  of 
matter,  nor  even  for  the  same  substance  at  difi'ereut  temperatures;  it  is 
smaller  for  vapours  of  all  kinds,  iu  proportion  aa  flieir  temperatura  b 
hii^ier,  the  eeheeion  itedf  being  aba  noaller.  If  tha  expsiinunla  on  tfaa 
density  of  steam  have  been  oonect»  it  follows  thai  the  force  of  repolaioa 
most  inerease  more  rapidly  than  the  distances  diminish,  for  the  eksticity 
of  water  ia  nearly  ten  times  as  great  as  that  which  would  be  inferred  from 
the  compression  of  steam  into  a  sul>stunce  of  e([ual  density :  this  suppo- 
sition a'^rres  also  with  the  experiments  on  the  inoiiTi  density  <»f  the  earth, 
which  i>  prohably  not  so  irreat  as  it  would  he  if  tlie  f urre  of  repulsion 
increased  in  the  simjjle  ratio  of  the  density.  Tlie  law  of  repulsion  appears 
also  to  be  in  some  degree  modified  by  the  effect  of  heat,  which  increases  ito 
foroe  at  greater  distanoss  mora  oonsideiably  than  at  smaUsr.  It  i^ipean 
indeed,  from  tha  diminution  of  tha  elasticity  of  a  ipring  by  heating  it^thal 
the  repulsive  foroe  of  the  partides  of  bodiee  at  rery  small  distanoss  is  even 
diminished  by  heat,  unless  the  force  be  agaiu  supposed  to  decrease  much 
more  rapidly  than  the  distance  diminishes :  thus  the  diminution  of  tlie 
elasticity  of  iron  by  heat  is  about  thirty  times  as  great  as  the  increase  of 
tlu'  clistance  of  its  particles  ;  so  that  the  original  repulsive  force  must  pro- 
bably be  somewhat  (iiuiiiiished,  although  less  than  tlie  cohesive  force.  At 
greater  distances,  however,  Uie  force  of  repulsion  is  certunly  increased  ; 
ibr  the  elasticity  of  vapoora  and  gaass  of  allkhidab  evidently  greater  aa 
thetomperatDrabUgfaer.  (Plato  XXXIX.  Fig.  MO.) 

The  oohesion  of  two  or  mora  partides  of  matter  to  each  other  dees  not 
interfert  with  their  power  of  npeUivg  other  partides  dtiiated  in  a  dlibent 
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dimikilS  Hm^  flMM  of  glass  ivqaire  to  be  brooght  tqpllMr  with 
winillwiMt  filMt^  tful  gtni^ly  with  sosne  friction,  before  tliqr  «n  iNi^ift 

to  cohere ;  and  a  small  tlrop  of  water,  falling  lightly  on  the  surface  of  a 
pon<1,  max  remain  for  ^me  in.stants  Trithnnt  comtn2"  into  ]vfrfect  cnntAci 
vviih  it ;  the  some  cLrcuiu«tAuce  i«  ai^  stiii  more  obeervahle  in  »piril  of 
wine  a  little  wanned. 

The  fii9t  and  simpleet  aieot  ol  oabesion  is  to  produce  liquidity.  Thai 
aQ  Uqudi  pMMM  mam  c<lMiicw»  i»  very  obrion^  frm  Ihtkt  lid— y  to 
aiMiiitfsfplitfU  imwhmiimyanwnmtmi^  dttacM  btm  olhv 
mbrfiiMifi^^  mi  htm  Um  ua^mnitm  qf  •  diop  from  lagr  MMd,  to  which  its 
upper  Mur&w  adlMM  with  •oAdeni  Ibim.  Without  cohedou,  indeed,  a 
liquid  would  be  only  a  very  fine  powder,  except  that  the  particles  of  j)owders 
hare  not  tho  power  of  moving  witli  ju  rfei-t  freedom  on  each  other,  which 
oon8titut<'*;  tiuiiiity.  The  appaieui  wf-iktioH!*  of  the  cohesion  of  11*^111. i>  i* 
cntin^ly  owmg  to  tliis  niability,  since  liieir  form  may  be  chaogtiU  in  any 
dt-rt'u  without  oomuJi^rably  increasing  the  distances  of  their  particles,  and 
U  ia  onlj  vndtt  paitioiJar  dimiMtomiM  Ihrt  tin  dlkto  of  «Mr  ooliMka 

Vte^ii^iiditawukMdMwlinitMl  im ita eslMi«» ftba  npakkmui 
Hi  paitiflnt  ^uated  in  all  poaible  directions  with  regard  to  each  o(het, 
may  1>€  supposed  in  all  cases  precisely  to  balance  the  cohesion,  which  is 

dt-rivcd  from  the  actions  of  particles  similarly  situat^ii  :  and  this  must  also 
be  the  state  of  the  internal  part*  of  overy  detached  portion  of  a  Hi]uitl, 
wliere  they  are  so  remote  from  the  surface  as  to  be  beyond  the  miimuj 
distance  which  is  the  limit  ui  the  action  of  these  furcea.  Bui  the  external 
parts  of  the  drop  will  not  mauin  in  tht  mam  Mad  of  •qaflOdaB  1  tlity 
auj  bo  ooBiidfliiBd  m  a  dun  oodiaf  of  a  liquid  wammmHiag  m  nbolaaoe 
wUflb  mtoti  only  in  %  diwalioa  ypondionlar  to  Uaoufre^  and  doeo  noi 
inkiiere  with  the  mutoal  actions  of  tlio  particles  of  the  liqmL  Now  naot 
tho  itpnliive  force  increaiBi  aa  Iha  diitanrff  diminishes,  it  moat  bo  exerted 
more  powerfully  by  the  nearest  particles,  while  the  cohesion  is  directed 
equHlly  to>v;\rds  all  the  particles  within  a  (•«  rtju[i  i!i-tJiiu  i.,  ;in<1  "^vhrrcvor 
tiie  surface  la  curved,  the  joint  cohesive  force  wiii  be  direcu?tl  t4.i  ;i  n  iimtrr 
part  of  the  curve  than  tlie  repuijavc  force  (^posed  to  it,  so  timt  each 
particle  will  be  urged,  by  tfaa  oombination  of  thiia  kaom,  towaida  tiia 
oooona  rida  of  «ftn  oarrc^  and  tba  siMia  aa  tka  cniiaten  ia  yaator; 
hiwwi  tha  ooaitfag  of  tha  KqnSdy  thnaaanatitotod^nwMiaMatafMwaoptlia 
ports  in  oontoot  with  it»  precisely  afaailar  to  tbal  of  a  floibla  surface, 
which  ia  evary  where  stretched  by  an  equal  force  ;  and  from  this  bhnple 
principle  we  may  derive  all  the  effects  producetl  by  a  cohesion  of  this  kind, 
whicli,  from  its  hein^  most  oonumnly  ohnerved  in  the  ascent  of  water  iu 
capillary  tubes» has  b«,wn danomi nated  capillary  attractifou  (Plate  XXXiX. 
Fi^f.  631.) 

It  ia,  therefore,  a  general  law,  that  the  surface  of  every  detached  porfciaii 
af  •  flnid  mntt  whan  hava  aoch  a  eofffatori^  aa  to  ba  aUa  to  witiw 
rtand the hydroatatiaal pitmro  which acto igainar.  it;  an^  benoe  w« may 
aalcwlato  in  many  caaai  tfaa  propartioa  ol  the  onm  which  it  mnat  form  ; 
hni  ia  olfaar  caaea  tha  axact  caUruhrtion  booomoa  axIraMly  intilaal^  and 
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perhaps  impracticable.  A  drop  descending  in  a  vacuum  would  be  perfectly 
Bplierical ;  and  if  its  magnitude  were  inooiiaidcarabl^  it  would  be  <tf  the 
Baine  fonu  when  ik'scending  through  the  air ;  n  small  Hubble  rising  in  a 
liquid  mvk&i  also  be  spherical  ;  >nit  whore  the  drop  or  the  bubble  is  hirsjcr, 
its  curvature  will  be  greatest  when  tlio  internal  pressure  is  erreatest,  or 
where  the  external  presisure  is  leaat,  and  in  different  cahe^  this  pressure 
may  be  dlffiBTHitly  diatrilmted.  Where  a  dnp  is  saspended  from  a  eolldy 
ito  leogth  may  be  each  that  the  prcMoze  at  Ito  upper  part  may  beeome 
B^gativc^  and  lie  iiirfaee  wiQ  then  be  ooneaTe  lutead  el  eenvex  r  aod 
when  a  bubble  lieee  to  the  surface  of  a  liquid,  it  often  carries  with  it  a  film 
of  the  liquid,  of  which  the  weight  is  probably  smaller  than  the  oontraetile 
force  witli  which  the  surface  resists  the  escape  of  the  «ir,  that,  from  the 
ina-uiiude  of  the  contractile  force,  we  may  dctonnine  tli  '  Li  eiitest  possible 
weight  of  a  bubble  of  given  dinicusionii.  A  Mll-rht  iiupi'i-ftfcUon  of  fluidity 
probably  favours  tiie  formation  of  detached  bultbles,  by  retarding  the  ascent 
of  the  ^r,  bat  it  has  a  itill  greater  efi^t  in  prolonging  their  dori^on  when 
formed.  (Plate  XXXIX.  Fig.  532.) 

In  ocder  to  determine  the  foms  of  the  sorfaoM  of  liqnlda  in  the  oaaea 
wMeh  most  commonly  occur,  it  is  neeowary  to  examine  how  they  are 
afteted  by  the  action  of  other  liquids,  and  of  solids  of  different  descrip> 
tions.  We  may  form  some  idea  of  the  effects  of  this  mutual  action,  by 
neglecting  the  fnrre  of  repulsion,  as  Cl^iraut  has  done,  and  attendinpr  only 
to  that  of  cohesion.  Supposing  tlie  horizontal  Kurface  of  a  liquid  to  be  in 
contact  vvith  a  vertical  plane  surface  of  a  solid  of  Imlf  the  attractive  power, 
it  will  remain  at  rest  in  consequence  of  the  equilibrium  of  attractions  ;  for 
tike  partiolee  dtuatsd  eataefly  it  the  junotiim  oi  tiie  mifiMsa  may  be  eon- 
sidered  as  aetnated  by  thxee  forces ;  one  dednced  from  the  efieet  of  the 
liquid,  the  other  two  from  that  of  the  two  equal  portions  of  the  eolid  abov« 
and  below  the  surface  of  the  fluid ;  and  It  may  be  shown  that  the  combi- 
nation of  these  three  forces  will  produce  a  joint  result  in  the  direction  of 
gravity;  eorise<|Upntly  the  direction  of  the  surface  must  remain  the  mme 
as  when  it  is  subjected  to  the  force  of  gravity  alone,  since  the  surface  of 
every  fluid  at  rest  must  be  perpendicular  to  the  joint  direction  of  all  the 
forces  acting  on  it.  But  if  the  attractive  power  of  the  solid  be  more  than 
half  as  gveat  aa  that  of  the  Uqnid,  the  leealt  of  tiie  forese  will  bs  inclined 
towards  the  solid,  and  the  snxfoee  ot  the  liquid,  in  eider  to  be  perpendleular 
to  it,  must  be  mors  eletated  at  the  side  of  the  tsssbI  than  shnwhers^  and 
therefore  concave ;  consequently  the  fluid  must  ascend  untU  it  arrives  at  a 
position  capable  of  affording  an  equilibrium  in  this  manner:  if,  on  the 
contrary,  the  attra*>tive  power  of  the  solid  he  weaker,  the  liquid  will 
descend,  and  its  surf  ic-  will  be  convex,    (Plate  XXXIX.  Fig. 

This  mode  of  rewMninL;  is,  however,  by  no  means  -iitVn  iont  to  explain 
all  the  phenomena,  for  it  may  be  inferred  from  it,  tiiat  wlau  the  attractive 
power  of  the  sdid  is  gnaiet  or  l«ss  than  half  that  of  the  liquid,  the  snAce 
of  the  liquid  must,  at  ita  origin,  be  in  the  same  dirsdion  with  that  of  tha 
solid,  instead  of  forming  an  angle  wiHi  i^  as  it  often  does  in  reality.  But 
the  difficulty  may  be  removed  by  rsmting  to  the  general  principle  of 
superficial  oohssten,  and  by  comparing  the  oommon  surfiHDe  of  the  liquid 
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mm!  solid  wifh  t&ftiufMe  of  a  tingle  liquid,  of  ivUdi  llw  titkaxAf  power 
is  equal  only  to  the  diffwsnos  of  the  Tospoolhni  poiran  of  ths  mbstenoos 

eoBoemed.   Iii  this  maDner  it  may  be  aliowiiy  thai  if  flie  attraetxve  power 

of  the  solid  be  equal  to  that  of  the  liquid,  or  sliU  greater,  it  will  be  wetted 
by  the  liquid,  which  will  rise  until  its  surface  acquires  the  same  direction 
with  tliat  of  the  solid  ;  and  that,  in  other  cases,  the  angle  of  contact  will  be 
greater,  in  proportion  as  the  solid  in  nttnictive.  A  similar  comparison 
is  also  equally  applicuhie  tu  the  contuct  ut  two  liquids  of  different  densities. 

The  nu^nitude  of  the  superficial  cohesion  or  contractility  of  a  liquid  may 
Im  expffessed,  for  a  certain  eztent^  by  a  cortoia  weight ;  thus  ereiy  inck 
of  tlia  sufaoe  of  water  is  etretchsd  osoh  way  by  a  foree  equal  to  tha  wdi^ 
of  tlie  hundredth  part<rfa  eaUaincH  of  water^or  to  twogmins  and  a  half: 
and  for  each  inch  of  the  surface  of  mercury,  the  foree  is  eqalTalent  to  17 
grains,  whidi  b  the  weight  of  of  a  cubic  inch  of  incrcurv.  Thus  if  a 
solid  of  finy  form,  of  w1ii<  h  ihc  «tirf!iocs  are  vertical,  and  which  is  capable 
of  lieing  wetted  by  eitiicr  f  tin  >t  riuids,  be  immersed  into  a  reservoir  con- 
tainiiij,'  it,  the  fluid  will  Ll'  debated  around  it  to  such  a  hei^'ht  that  2,4  or 
17  grains  j^respectivelyj,  fur  each  inch  of  the  ciix'uiufereuce  of  the  uolid, 
will  remain  abore  the  general  level  of  the  reaarroir,  the  sQifiws  assuming 
nearly  the  same  form  as  a  vexy  long  and  slender  elastio  rod,  fixed  horiaon- 
tally  at  one  «nd»  and  bearing  a  laige  weight  at  the  other.  (Plato  XXXIX. 
Fig.  534.) 

The  elevation  of  the  summit  of  an  extended  surface  of  water,  in  oontaet 
with  the  flat  and  upright  surface  of  a  solid  which  is  wetted  by  it,  is  one 
seventh  of  an  inch  :  but  when  two  such  surfaces,  for  instance,  two  plates  of 
glass,  are  brouy:bt  near  to  each  other,  the  elevation  of  the  water  between 
them  muht  be  greater  tliaa  this,  in  order  that  each  incli  of  the  line  of  con- 
tact may  support  its  proper  weight :  thus,  if  the  disUuioe  were  one  fiftieth 
of  an  inch,  the  elevation  would  be  a  whole  inch;  and  if  tho  distance  were 
smaOer  than  this^  tha  devatiott  would  be  greatsr  in  the  same  ^uportlon ; 
so  thai  when  two  pistes  are  placed  in  such  a  manner  as  to  tonoheaoh  other 
at  one  of  their  upright  edges,  the  oatline  of  the  water  raised  between  tiMB 
assumes  the  form  of  a  hyperbola.    (Plate  XXXIX.  Fig.  .5.35.) 

Tbe  weight  supported  by  the  cohesion  of  the  water  *in  r  tube  maybe 
detennined,  in  a  Muiilar  manner,  from  tbei^xtvut  of  the  cirrmiit*  rence  ;  the 
height  being  an  inch  iu  a  tube  one  twenty  hith  ut  an  inch  in  duinieter,  or 
asmnch  greater  as  the  diameter  of  the  tube  is  smaller:  and  in  a  tube 
wetted  with  meicuiy  the  heii^t  would  behalf  as  great.  It  is  obvious  that 
If  the  bwar  part  of  the  tube  be  either  contracted  or  dilated,  the  height  of 
the  fluid  will  remain  unaltered,  while  ito  weight  may  be  varied  without 
limit;  for  the  hydrostatical  pieesure  on  tho  sntfrce  b  the  same,  in  both 
these  cases,  as  if  the  diameter  of  the  tube  were  equal  througliout  its  length* 
(Plate  XXXIX.  Fig.  5.36.) 

The  attractive  force  of  glas»  to  mercury  is  less  than  hr.lt  as  grc.at  as  the 
mutual  attraction  of  tile  particles  of  mercury,  and  the  surlace  of  mercury 
in  a  dense  glass  vessel  becomes,  therefore,  convex  and  dt'presned  ;  tiic  angle 
of  oontaet  being  about  140^,  and  tho  depreesion  ono  17th  of  an  indh. 
Between  two  platsa  of  ^asi^  the  depresnon  of  merouy  as  an  inch  when 
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their  distance  is  and  in  a  tth^  lAm.  H»  Mmsii/ua»m>  b  ^  of  aa  inflli, 
(Plato  XXXIX.  Fig.  6S7,  m.) 

A  liquid  may  also  adhere  to  a  liorizontAl  surface  which  is  gradually 
raised  frnTn  it.  until  the  by<lrostatical  pressure  1  ecornr^?  sufficient  to  over- 
power tlie  tohe^siun  of  its  superficial  parts  ;  the  internal  part  of  tlie  fluid 
being  usualij  raised,  not  immediately  by  the  force  of  cohesion,  but  by  the 
prosauie  of  the  atmosphere.  The  solid  bean  tiie  wluik  weight  of  the 
Hquid,  whieh  is  elevmtod  the  smfooe;  and  whm  tfaa  uadtm  li 
pieMyr  waCtod,  fiUs  wii^is  aqval^  a*  ttw  BMMMni  of  aepanlioii,  to  the 
hydroetatical  preBflon,  or  rather  mdtknp  ootfeepoiidhig  to  the  height ;  bat 
in  other  eeeee  the  tfelg^t  may  be  somewhat  greater  than  the  hydrootatfad 
pressure  on  the  surface  of  the  solid,  on  account  of  the  elevation  which 
Burrounds  the  body,  and  which  \^  not  compensnted  >>y  the  excavation 
iramediatelv  under  it,  A  surface  tiuis  raised  from  wati  r  will  elevate  it  to 
the  height  of  one  hftii  of  au  inch,  and  will  require  a  fot\;e  uf  60^  grains 
for  each  square  inch,  in  order  to  overcome  the  apparent  attraction  of  the 
water ;  and  Iter mereaiy  the  utOMit  heightia  ahout  one  eefentii  of  aa  iaoh. 
(Plato  XXXIX.  Fig.  Me»  54a) 

A  detaoiied  portion  of  a  liqnld  Bkay  ^and  on  any  earfiMse  which  !t  to 
net  eapable  of  wetting,  at  a  heic^ht  which  is  different  according  to  its 
magnitude  and  to  the  attraction  of  the  surface.  If  the  drop  is  very  small, 
its  form  may  nearly  spherirnl  ;  hut  when  its  extent  becomes  consider- 
able, its  height  murt  always  l»i  Ic-s  than  that  at  which  the  Hcjuid  would 
separate  from  a  horiziiuUl  ijui-fate ;  aud  it  will  approach  the  nearer  to  this 
limit,  as  its  attraction  to  the  surface  on  which  it  stands  is  weaicer.  Thus 
n  wide  portion  of  mercury  stende  on  ^aee  at  the  height  of  of  an  buA^ 
and  on  p^per  nearly  at  f ;  and  a  portion  of  water  will  atond  on  a  eabbage 
kaf,  or  on  a  table  etoewed  with  the  eeeda  of  lyoopodhun,  nearly  wi  the 
Iwight  of  one  ilftii  of  an  inefa.   (Plate  XXXIX.  Fig.  Ml.) 

For  the  operation  of  a  powder  like  lyoopodhim,  it  appears  to  be  only 
necessary  that  it  phoiil<i  po«oe«H  n  weaker  power  of  attraction  than  water, 
and  should,  therefore,  be  incapable  of  beincr  readily  wetted  by  it  :  each 
particle  of  the  powder  heini?  then  hut  partially  in  contnot  with  the  water, 
will  project  beyond  its  surface,  and  prevent  its  coming  into  contact  with 
any  of  the  sonoonding  bodiee,  yrbSh  the  maftte  aaeamee  aaoh  aonrmfcare 
«e  ia  enffiotent  to  withetand  the  pieeeuxe  of  the  intanud  parte.  (Plate 
XXXIX.  Fig.  64A.) 

"When  a  dry  and  Hgiit  eabetanoe  of  any  kind  is  pUced  on  the  eufiKe  of 
water,  ite  weij^t  ia  not  enfficient  to  faring  it  within  the  distanee  at  wliidi 
cohesioTi  rnramences,  and  it  floats  surrounded  hy  n  slight  depression.  Any 
substance  of  this  kind,  or  any  otiu  r  substance  surrounded  by  n  (ki>rps.sion, 
as  a  hall  of  gla^iS  or  iron  floating  on  mercury,  appears  to  he  attim  t^'J  i*y 
another  ttimilar  substance  in  its  neighbourhood  ;  for  the  depression  l>etween 
the  two  enfaetanoM  ia  inereased,  and  the  preeeore  of  the  fluid  on  that  ride 
ie  eotisequently  leeeened^  eothit  thiy  are  niged  together,  by  a  Anree  wUch 
vnfieeiBvenelyaatiiaeqQeteof  thedietoooa.  And  in  the  eame  raaniur, 
when  two  bodies,  surrounded  by  an  elefitioil,  appreoeh  eaeh  otiier,  they 
eashiiiit  an  attoaetifo  foree  of  a  itarflar  nataue^the  pieejnre  of  the  nbu* 
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tbem  to  •  greater  height  tbea  oa  tiie  opposite  adee*  Bst  whc&  a  body, 
amvoBiided  by  a  dq»rMio%  apyroaebee  aaedMr,  wbieh  is  eBnooaded  if 
an  deretioD,  they  aeem  to  lepd  eaeh  otber,  the  premure  of  the  water 
ui^ng  the  one,  and  that  of  the  ataiMpberB  the  othar^  in  eppoeito  dheottme. 
(Plate  XXXIX.  Fig.  643.) 

If  two  smooth  pUtefl  of  any  kind  an  perfeeliy  wetted  by  a  fluid,  an4 
brought  into  contact,  they  exhibit  an  appearance  of  cohesion,  which  is  so 
much  the  irre.iter  as  the  quantity  of  fluid  is  smaller  :  if  we  attempt  io 
separate  them,  the  iiuid  is  drawn  inwards,  so  as  to  have  its  surface  ma<ie 
concave,  and  it  resists  the  separation  of  tlie  plates  with  a  certain  farce, 
which  acts  with  a  hydrostatic  advantage  so  much  tlie  greater,  as  their 
distance  is  smaller,  au.d  hence  produces  the  appearance  of  a  cohesion 
varying  in  proportion  to  the  distance.   (Plate  XXXIX.  Fig.  644.) 

Supposing  the  two  pklea  to  be  eepaiatod  aft  «&e  en^  and  the  llaSd 
between  them  to  teenme  the  fflrm  of  a  drop,  one  of  the  maigfaial  eorfboee 
of  thedrop^  being  nairower  than  the  other,  will  aet  with  a  greater  adnui> 
tegi^  like  a  tnba  of  amaller  diameter,  and  wiU  tend  to  draw  the  drop 
towarda  it;  and  tha  apparent  atteaetien  towaida  the  line  of  eentaet  of  the 
glasses  will  inermm  in  proportion  as  the  square  of  the  dietanoe  decreasee. 
Thie  reeaH  wae  experimentally  observed  ahnoet  a  century  i^,  but  it  has 
been  usually  explained  on  mistaken  grounds.   (Plate  XXXIX.  Fig.  64d.) 

The  attractive  power  of  water  bein;;^  j*reater  than  that  of  oils,  a  small 
portion  of  oil  thrown  on  water  is  caused  to  spread  on  it  with  great  rapidity 
by  means  of  the  force  of  coh<'?<ion  ;  for  it  does  not  appear  that  any  want 
of  chemical  affinity  l>eLweeu  the  substance'?  concerned,  diminishes  their 
cohesive  power  ;  wat«r  readily  adheres  to  IhIIuw  when  solid,  and  probably 
essential  oils  woulii  adiiere  still  mure  readily  to  ice.  There  is,  however^ 
some  difficulty  in  understanding  how  these  oils  can  so  suddenly  come 
within  the  limit  of  the  eohedve  foree  of  water,  while  the  drops  of  water 
themeelvea  eonetimee  remain  for  aiSsw  eeeonds  beyond  it 

▲  eponge  alRnde  ne  a  femiliar  inetanoe  of  the  appBertkm  of  eapillary 
attnetion  tonieAd  pupoeae ;  it  ia  well  known  that  in  order  to  ito  speedy 
operetian,  it  reqairm  to  be  pMfiowdy  mobrtened,  by  the  aeaiatanoe  of  a 
little  pressure,  otherwim  it  eshibits  the  same  ^peanmce  of  repnUon  thai 
ia  obeervaUe  in  many  other  eaeee  where  the  contact  ie  imperfect.  The 
abeorption  of  melatore  by  sugar  depends  on  the  same  principle,  and 
here  the  tufaea  are  ao  minute^  that  the  height  of  aeoent  appeam  to  be  ahnoet 
nnlimitecl. 

The  magnitude  of  the  cohesion  littween  lluh!^  and  solids,  as  well  as  of 
the  particles  of  fluids  witli  each  othtr,  is  more  directly  shown  l)y  an  ex- 
periment on  tiie  continuance  of  n  r»>himn  of  mercury,  in  the  tube  uf  a 
harumetcr,  at  a  height  ooufidderabiy  greater  tlian  that  at  wiiich  it  usually 
stands,  on  account  of  the  prrasure  of  the  atmosphere.  If  the  meromy  has 
bean  wdl  boiled  in  tha  tabe^  it  may  be  made  to  remain  in  oentaet  with  the 
eleaed  and,  at  tha  height  of  70  indiea  or  more ;  and  by  agitation  only  R 
may  be  made  to  eohere  ao  ttaoo^j  aa  to  occupy  the  whole  length  of  the 
taba  of  a  oommen  baaemeter,  wbieh  is  eevami  faadna  more  than  the  height 


Digitized  by  Google 


480 


LBCTUBE  L. 


at  wliidi the pMSBiin  «{  tlie alauMpliffe Miitaiiw it  A amaU dphonnuy 
alao  eonvaj  mercury  from  oiia  y—wl  into  another  in  the  yacaam  of  aa 
air  pump  :  and  in  both  thrae  otaM  it  is  obvious  that  no  other  force  than 
cohesion  can  retain  the  upper  surface  of  the  mercury  in  oontact  with  the 

glaiss,  or  its  intornal  part«<  in  rnntart  with  each  other. 

Tiie  force  of  colicsioa  laay  also  l»e  exerted  i»y  bolid  t<ubstances  on  other 
solids,  eitlier  of  the  bauic  kind,  or  of  different  kinds.  Thus  two  masses  of 
lead,  whan  onaa  mited  by  pressure,  awfataH  bj  a  littia  friatfon,  reqoiie  a 
viiy  eonwlflnUa  foiea  to  aopacate  thaniy  and  it  nay  ba  ahown  tSAm  by 
meaaniuig  thia  focet^  or  by  aaaiModing  tha  lead  in  fha  TM»nun  of  tha  air 
pump,  that  the  pMBBQxa  of  the  atmosphere  is  not  materially  coBoemed  in 
producing  this  appearance  of  cohesion,  since  its  ma^Miitude  much  exceada 
that  of  tlic  iitmospherical  pressure.  A  cohesion  of  tliis  kind  is  sometimes 
of  priicticni  utility  in  tiae  art"* ;  little  ornaments  of  laminated  silver  re- 
inaininj^  attaehed  to  iron  ur  sLeel,  with  wliich  they  have  heen  nmde  to 
cohere  by  the  powerful  preiitture  of  u  blow,  so  as  to  form  oue  luanA 
wifliit  . 

Thaaontaat  of  two  piecaa  cf  lead,  allfaongli  intiiiiaia  enough  to  piodnaa 
a  oonaideiabla  aoheeioiiy  ia  by  no  UMana  ao  comiilata  aa  ta  nnita  tba  porta 
intoonamass;  the  iinioa»  liowavar,  appears  to  be  nearly  of  thaaaaia  kind  aa 
tfaa  conimon  cohesion  of  aggregation ;  and  if  the  lead  were  softened  into 

an  amalgam  by  the  addition  of  mercury,  the  cohesion  of  the  two  masses 
would  l)<x(nne  precisely  the  same  aa  the  internal  cohesion  of  each  nui-ss. 
Harder  s.ub9tance3,  such  as  raarhle  or  gla^s,  roliere  but  weakly,  perhaps 
Itecause  their  burlaces  are  never  tk>  perfectly  adjui»ted  to  each  other  as  to 
tovdi  tfanni||^oat*  The  interposition  of  a  fiaid  naaaliy  increases  the 
ai^arent  attraction  of  aneh  enbetaaaei^  but  thia  aimuaalanaa  baa  already- 
been  explained  from  tha  elfbct  of  tfaa  oepillaiy  oontraction  of  ito  aoiftca; 
and  when  the  subetaaeee  an  wiMdly  inunened  in  a  flnid,  the  ooheeion  ia 
Ittde^  if  at  all,  increased. 

The  iipmediate  cause  of  solidity,  as  distinguished  from  liquidity,  is  the 
lateral  adhesion  of  the  particles  to  each  other,  Ia  which  thp  deu'ree  of  hard- 
ness or  wjlidity  is  always  proportional.  This  adbebinii  j.revents  any  change 
of  tiie  relative  situation  of  tlie  partitks,  so  that  they  cannot  be  withdrawn 
horn  their  places,  without  experiencing  a  considerable  resistance  from  the 
Ibfca  of  oobeeion,  wbila  tluMe  of  liqnida  may  renain  aqnally  in  eootaat 
with  tlia  naighbonring  partidai^  notwitiielanding  their  ahanga  of  fotnu 
When  a  per&ct  solid  is  extended  or  compreeeed,  tha  paiticln»  beiag  nlelnad 
in  their  bituations  by  the  force  of  lateral  adhesion,  can  only  a^proaoh 
directly  to  each  other,  or  be  withdrawn  further  from  each  other,  and  the 
resi^tunce  is  nearly  the  same  as  if  the  same  snbutanre,  in  a  fluid  state,  wore 
inclosed  in  an  unalterable  v«wel,  ami  fnn  ilily  cuiiijin  .ssimI  or  dilated.  Thus 
the  rebiiitance  of  ice  to  extansiou  or  compressiou  is  found  by  experiment 
to  differ  very  little  from  that  of  water  contained  iu  a  vessel ;  and  the  same 
affMt  nay  ba  prodnead  am  whan  tha  aoUdity  ia  not  tha  noet  peileat 
whleh  the  anbetanoa  adnito ;  far  tin  inmadUta  inietanca  of  iron  or  aM 
to  fleomre  is  the  eama  whether  it  nay  ba  balder  or  eoAv*  It  often  happen^ 
howarery  that  the  magnitude  of  tha  lalenl  adherian  ia  ao  nneh  limitad  aa 
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to  allow  a  greater  facility  of  extension  or  compression,  and  it  may  yet 
fstain  A  power  of  leflloriikg  the  bodies  to  their  otigiiud  form  by  its  reoetioB. 
This  force  may  even  be  the  pribdlpal  or  periiape  the  only  sonroe  of  the 
bodly*i  eieeticity :  tibns  when  «  piece  of  elastic  gum  is  extended,  the  meen 
diilNiee  of  ite  particles  is  not  materially  increaaedy  it  is  said  t4)  l>ecoiDe 
nther  more  than  less  dense  during  its  extension  ;  conscqtiently  the  chanjE«e 
of  form  is  rather  to  he  attributed  to  a  displacement  <>f  the  ji.irtir1c«,  than  to 
their  separation  to  a  greater  distance  from  each  other,  and  ihe  resistance 
must  he  derived  from  the  lateral  adhesion  only :  some  other  substances 
«l»o,  approaching  more  nearly  to  the  nature  of  liquids,  may  be  extended  to 
niBiiy  timee  their  original  length,  with  «  reeialaiMe  coDtihudly  inereasing ; 
and  in  each  eaaee  there  ean  eearoelj  be  waj  material  change  of  the  epeeiiie 
gravity  of  theae  snbetanoeii  Prafeaeor  Robieon  has  mentioned  the  jnioa 
of  bryony  aa  affording  a  remurkable  inatance  of  such  a  viscidity. 

It  is  probable  that  the  immediate  cause  of  the  lateral  adhesion  of  onlids 
is  a  8}Tnmetrica1  arrangement  of  their  constituent  parts  :  it  is  t  t  rt  iin  that 
almost  all  bodies  are  disposed,  in  becoming  solid,  tn  nfl<^ume  tke  form  of 
crystals,  which  evidently  indicates  the  existence  of  such  an  arrangement ; 
and  all  the  hardest  bodies  in  nature  are  of  a  crystalline  form.  It  appears, 
therefore*  eoieiateiit  both  with  raaeon  and  with  ezpeiienee  to  auppoee  thai 
a  cr^'staliintbn  moie  or  less  pevfeet  is  the  nnivecaal  canae  of  aolidity*  We 
may  imagine  that  when  the  partidei  of  nmtter  an  diapoeed  withoat  any 
order,  they  can  aflbid  no  strong  resistance  to  a  motion  in  any  direction, 
but  when  they  are  r^nlarly  placed  in  certain  situations  with  respect  to 
each  other,  any  change  of  form  must  displace  them  in  such  a  manner,  as 
to  increase  tlio  distance  of  a  whole  rank  at  once  ;  and  hence  they  may  be 
enahled  to  cooperate  in  resisting  such  a  change.  Any  inequality  of  tension 
in  a  particular  part  of  a  solid  is  also  probably  so  far  the  cause  of  hardness, 
aalt  tenda  to  inereaee  the  atrength  of  nnkm  oS  any  part  of  a  ■eriea  of  par- 
iidca  wbioh  mnat  be  diaplaeed  by  a  change  of  fonn. 

The  immediate  neietanee  of  a  aolid  to  extendon  or  oompraerion  ia  moat 
properly  called  its  elasticity  ;  although  this  term  has  sometimes  been  used 
to  denote  a  facility  of  extension  or  compression,  arising  from  the  weakness 
of  this  resistance.  A  practical  mode  of  estimating  the  force  of  elasticity 
has  already  been  explained,  and  ac^rdtng  to  the  simplest  statement  of  the 
nature  of  cohesion  and  repukion,  the  weight  of  the  luuUulus  of  elasticity 
is  the  measure  of  the  actual  magnitude  of  each  of  tliese  forces ;  and  it  fol- 
lows that  an  ad^tlonal  pressure,  equal  to  tiiat  of  the  modulos,  would 
double  the  Ibree  of  eohmen^  and  require  the  particles  to  be  rednoed  to  lialf 
tiieir  distance  in  order  that  tibe  zepnlsion  mig^t  balance  it;  and  in  the 
same  manner  an  extending  force  equal  to  the  weight  of  half  the  modulus 
would  reduce  the  force  of  cohesion  to  one  half,  and  extend  the  ealMtance  to 
twice  its  dimensions.  But,  if,  as  there  is  some  reason  to  suppose,  the 
mutual  repulsion  of  tlu'  {  articles  of  solids  varies  a  little  more  rapidly  than 
their  distance,  the  moiiuius  of  elasticity  will  be  a  little  greater  than  the 
true  measure  of  the  whole  cohesive  and  repulsive  force  :  tliis  difference  will 
not»  however,  affect  the  truth  of  cor  calctdatiooa  respecting  the  properties 
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of  daattc  bodies^  fbwiM  on  the  magnitude  of  the  modttka  la  afantdy 

dct0niijiii6d» 

ThoBtUhflSBof  asoUdis  measnnd  lif  Ito  Immedlata  nriatenoe  to  any 
font  tending  to  efaange  its  form ;  in  this  tense,  if  the  force  be  applied  wo  as 
to  extend  or  to  compress  it,  or  to  overcome  its  lateral  adhesion  by  the  effect 
which  WG  have  fonnerly  called  detrusion,  the  primitive  elasticity  and 
rigidity  of  the  substance,  together  with  its  magnitude,  will  detenmne  its 
stifFiiess  :  but  if  the  force  be  otherwise  applie<l,  so  as  t^  produce  flexure  or 
torsion,  the  form  of  the  1>ody  must  also  be  taken  into  the  calculation,  in  the 
naiUMr  wliicli  haiabeady  been  explained  in  fhe  kelvnon  pasaiTe  itnngtli. 
Tlie  stiffbeas  of  a  hody  witti  napect  to  any  longitudinal  fnee  it  dSndOj 
aa  iti  tranamia  saetlon,  and  ittrenely  aa  its  langlli;  iw  tiie  atma  foroa 
will  compress  or  extend  a  rod  100  jaida  long  so  aa  to  change  its  length  an 
inch,  that  will  produce  a  change  of  only  half  an  inch  in  a  rod  60  yards 
long.  We  have  seen  that  the  spnre  thronti'li  which  a  body  may  be  extentb^«1 
or  compressed,  without  any  pemiaiient  alteration  of  fonn,  constitut'^s 
toughness :  that  its  strength,  or  the  ultimate  resistance  which  it  affords, 
depends  on  the  joint  magnitude  of  its  toughness  and  elasticity  or  stiff- 
ness, and  that  lli  laaiHaiie^  or  fho  powwr  of  orraroomiug  the  enaigy  or 
fmpetna  of  a  body  in  motion^  ia  propoitfoml  to  atnngilh  and  tonghnfw 
flonjoinfly. 

Softness,  or  want  of  solidity,  is  in  general  accompanied  by  a  proport^mal 
susceptibility  of  permanent  alteration  of  form  without  fracture;  some- 
times, however,  fro?n  a  want  of  rohe'^ion,  a  fmft  body  is  nt  the  same  time 
brittle.  Soft  sii!  stances,  which  are  capable  of  direct  extension  to  a  consi- 
derable degree  aie  called  viscous  or  tenacious  ;  of  these,  birdlime,  sealiug 
Max,  and  glass  suihoiently  heated,  are  some  of  the  most  remarkable. 
Haidar  anbstenoas  wMdi  havs  ths  aame  property  aie  oalkd  dnetila^  and 
whan  the  alftention  ia  made  by  pezcoaaion.  and  eoflspreaaoa,  thay  an 
termed  malleable.  Of  aQ  anbstaaoea  goM  la  pcthape  the  moat  ductile :  the 
thinness  of  leaf  gold  and  of  the  gilding  of  siU  c  r  wire  has  already  been  men- 
tioned ;  and  it  is  said  that  a  single  grain  of  gold  has  been  drawn  into  a 
wire  500  yards  in  length,  and  consequently  little  more  than  ^Vmr  of  an 
inch  in  diameter.  The  ductility  or  tenacity  of  a  s]iider*s  web  is  of  a  dif- 
ferent kind,  it  is  particularly  shown  by  its  ca])Al)ility  of  being  twi^Wti, 
almoat  without  limit,  uud  of  accoumiodating  iU^eif  to  its  new  position  witli- 
oat  any  alfoit  to  uDitwiat. 

With  napeet  to  the  nltlBiate  agent  by  ivUdi  tha  aflaela  of  ooheaioB  sfa 
prodnoed,  if  it  ia  allowable  to  aeek  for  aiiy  other  agent  than  a  ftindamental 
property  of  matter,  it  has  already  been  obaemd,  that  appearances  extremity 
similar  might  be  derived  from  the  ^MBOie  of  a  anlTniial  medium  of  great 
elasticity  ;  and  wc  see  some  effects,  no  nearly  resembling  tbom,  which  are 
unquestionably  produced  by  the  pre^^stire  of  the  atmn«jplu  tlint  we  can 
scarcely  avoid  suspecting  that  there  must  be  some  nnril  tyry  in  the  causes. 
Two  plates  of  metal,  which  cohere  enongh  to  support  each  otiier  in  the 
open  air,  will  often  separate  in  a  vacuum :  whan  a  boy  draws  along  a  atooa 
by  a  piece  of  wet  leather,  the  preaaoxe  of  the  atnoaphaK  appeaia  to  be 
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mrttprially  concemfnl.  The  well  kiiosvn  experiment,  of  the  two  exhaunted 
heitiisplieres  of  Magdeburg,  affords  a  still  more  striking  intttanc^  of  appa- 
rent cohesion  derived  fnm  atmiOiiplMrftal  pmanm;  and  if  we  place  between 
them  •  thiek  tiqg  of  eketie  gam,  we  nay  repreeent  the  natiual  equflibrium 
between  the  finrow  of  coherion  and  of  lepnlaioii ;  for  the  xing  woold  xedat 
any  mall  additional  pressure  with  the  same  fon^  aa  woald  be  leqaired 
for  eepaiatiiig  the  hemispheres  so  far  as  to  allow  it  to  expand  in  an  equal 
d^ree :  and  at  a  certain  point  the  ring  would  expand  ho  more ;  the  air 
wduM  he  aiiniitted,  and  the  cohe?<ion  destroyeil,  in  the  same  manner  as 
wlien  a  solid  of  any  kind  is  torn  at^mider.  But  all  suppositions  founded  on 
thefeti  analogies  must  be  considered  as  merely  conjectural ;  and  our  know- 
ledge of  every  thing  wbldk  rd^ktee  t»  the  faiCiniate  eoulltottoii  of  matter, 
paitiiy  from  the  intiicaiy  of  the  aabjed,  and  partly  for  want  of  aoffident 
experimenti,  la  at  pieeent  In  a  eCata  of  giteC  uncertainty  and  imperfection* 
One  of  the  moet  powerful  n^^ent^^,  in  dbangtng  and  modifying  the  formi 
Of  matter,  is  the  operation  of  heat,  by  which  the  states  of  solidity,  liquidity, 
and  phistic  fluidity  are  often  produced  in  succession  ;  and  the  investigation 
of  t!u  nature  and  effecta  of  heat  will  constitute  tlie  subject  of  the  two  next 
lectures. 
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LECTURE  LI. 

ON  THB  SOURCES  AND  BFFBCT8  OP  HEAT. 

Ii  may  appear  doalitfal  to  ■oma  wliaUiar  iha  salgeei  of  licaft  Moaga 
most  pnpezly  to  mechanioal  or  to  ehflmieal  pUloBopliy.  Its  inflnmce  in 
dumistiy  is  unqnetfioiialila  and  indispensablo ;  hai  ita  mechanical  affecta 
are  no  leas  ranarkable :  it  could  not  therefore  with  propriety  be  omitted 
either  in  a  course  of  chemical  or  of  physical  lectures,  especially  by  tbose 
who  are  persuaded  tbat  what  we  call  heat  is,  in  its  intimate  nature,  rather 
a  mechanical  afFection  of  matter  than  a  peculiar  substance.  We  shall 
first  inquire  inU)  the  nature  of  tlie  principal  sources  of  heat,  and  next  into 
the  mode  of  it^  communication,  and  its  most  common  effects,  whether 
temporary  or  permanent :  the  auMMorM  of  haa^  and  tha  moit  ptoliaUa 
opiniona  laspacting  its  naton^  will  afttrwarda  ba  aeparatdjr  eonildaad. 

Haat  is  an  inflnanae  eapaUa  of  afiaoting  o«r  narrat  In  genanl  with  iiia 
peculiar  sensation  which  bean  its  name,  and  of  which  the  diminution  pn^ 
docea  the  sensation  denominated  cold.  Any  considerable  increase  of  heat 
gives  us  the  idea  of  positive  warmth  or  hotnesa,  and  it«  diminution  excites 
the  idea  of  popitivp  cold.  Both  these  ideas  are  simple,  and  each  of  them 
might  be  derived  either  from  an  increase  or  from  a  tliminution  of  a  pot>iiive 
quahty :  but  there  are  many  reasons  for  suppoMiug  iieat  to  be  the  positive 
quality,  and  cold  the  diminution  or  absents  of  that  quality ;  although  we 
im  no  more  axporianoa  of  the  total  abaenea  of  baal»  tlian  of  ita  greiieit 
poanbla  aaeanralatioD,  wfaicli  might  ba  aallad  tba  total  abienoa  of  oold. 
Our  oigans  furnish  us,  in  soma  oarni^  with  ray  ddieata  tatte  of  anjr 
increase  or  ditninution  of  heat;  bat  it  is  more  usually  recognised  by  the 
enlai*gement  of  hulk,  cenerally  produced  in  those  bodies  to  which  heat  is 
attached  in  an  increaaed  quantity,  and  the  oontraction  of  those  from  which 
it  is  subtracted. 

The  simplest  modes  of  exciting  heat  appear  to  be  the  compression  of 
ahstia  flnidi^  and  the  oollision  or  friction  of  solid  bodies ;  although  a  more 
naoal  and  a  more  powaifial  aoorce  of  heat  is  fonnd  in  Tariova  diemieal 
aembiaationa  and  daoompoaltion%  whidi  ars  prodnosd  bj  tha  ptiniWaT 
eteetive  attractions  of  different  sube^i^  for  each  other,  or  fnm  tha  Influ- 
ence of  the  solar  rays,  which  are  probably  emitted  in  (xtnsequenca  of  tha 
diemical  procespe*?  that  continually  take  place  at  the  surface  of  the  sun. 

The  effects  of  the  condensation  and  rarefaction  of  elastic  fluids  are 
sliewn  by  the  condenser  and  the  air  pump  ;  when  an  exhaustion  is  made 
with  rapidity,  the  thermometer,  placed  in  tlie  receiver  of  the  air  pump, 
naoaUy  sinks  a  degree  or  two ;  and  when  the  air  is  readmitted  abruptly 
Into  a  partial  maram,  tha  sadden  condenaation  of  tha  lavaftad  air  raisea 
tha  marenxy :  and  a  similar  davation  of  temperatore  la  piodnoed  by  tha 
operation  of  the  oondanser.  Hnoh  of  tfaia  heat  ia  soon  '^■■^patfil^  bat  hj 
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obaerring  the  velocity  with  which  the  thermometflr  riaea^  Mr.  Dtlton  has 
Mtinttted  thai  air,  eompiwaaBd  to  half  its  Aimsniiimwi,  has  ili  tempsnliiM 
ttieTBied  abont  HO  degrces  of  Fahrsnheit;  and  soma  of  his  ezperimoits 
Indicator  when  aoetuatsly  axaaunsd,  a  still  greater  ehaags**  For  ths 
present  we  may  define  the  sense  of  the  teim  degree^  in  Fahrenheit's  ecale, 
u  eorresponding  to  an  expansion  of  a  portion  of  mercuiy  amonnting  to 
one  ten  thousandth  part  of  its  hnlk ;  and  a  d^ree  of  R^anmnr  originally 
eoCTesponded  to  an  expansion  of  a  weak  spirit  of  wine,  amounting  to  one 
thousandth  part  of  its  bulk.  It  may  be  inferred  from  the  velocity  of 
sound,  suppnsin:^  that  the  excess  of  its  velocity  above  the  common  calcula- 
tion is  wholly  <]prive<l  from  the  heat  and  coM  produced  b}'  condensation 
and  expansion,  that  a  condensation  amounting  to  rhr  the  bulk  of  any 
portion  of  air  will  raise  its  temperature  one  deirroe  of  Fahrenheit.  When 
air  is  very  ra])i  ily  coin[)ressed  in  the  condenser  of  au  air  ernn,  it  is  some- 
times so  niucii  heated  as  actually  to  set  on  lire  a  email  purtioa  of  tow, 
plaoed  near  the  end  of  the  barrel,  t 

The  production  of  heat  by  friction  is  too  welt  known  to  require  an 
ei^erimental  proof ;  but  Count  Rnmfoffd  has  taken  particukr  pains  to 
asoertain  e?ei7  dienmstsiioe  whidi  can  he  supposed  to  he  eoncerned  in 
file  opeifttion  of  this  cause ;  and  the  resnltB  d  his  experiments  an  so 
striking^  that  they  deserre  to  he  briefly  lelsled.  He  took  a  cannon,  not 
yet  bored,  having  a  projection  of  two  feet  beyond  its  muzzle,  a  part  which 
is  usually  cast  with  tlio  pieces  in  order  to  insure  the  solidity  of  the  metal 
throughout,  by  the  pressure  which  its  weight  occasions.  This  piece  was 
reduced  to  the  fonn  of  a  cylinder,  joined  to  the  cannon  by  fi  pmfxller  neck, 
and  a  large  hole  was  bored  in  it  ;  the  whole  cannon  was  tlicn  mndc  to 
revolve  on  its  axis  by  means  of  the  force  of  horses,  while  a  blunt  steel 
borer  was  pressed  against  the  Imtt  in  of  the  hollow  cylinder,  by  a  force 
equal  to  aiH>ut  10,000  p  iun  [s  avoirdupois;  the  surface  of  contact  of  the 
borer  with  the  bottom  of  tiu*  cylinder  In  iiig  about  2  square  inches.  This 
apparatus  was  wrapped  up  in  jSamiel,  when  its  temperature  was  about  00". 
In  half  an  honr,  when  the  cylinder  had  made  900  tums^  the  hones  being  ' 
stopped,  a  mereurial  thennometer  was  introduced  Into  a  perliDntion  in  tfao 
bottom  of  the  cylinder,  extending  from  the  side  to  llie  axii^  and  it  stood 
at  liXf  ,  which  Cmint  Rnmford  considen  as  expresring  Twy  nearly  the 
mean  tempeiatnre  of  the  ^linder.  The  dost  or  sealee^  abraded  by  the 
borer,  weighed  only  897  grains^  or  abont  of  the  whole  weight  of  the 
cylinder.  In  another  experiment,  the  qrlinder  was  surrounded  by  a  tight 
deal  box,  fitted  with  collars  of  leather,  so  as  to  allow  it  to  revolve  freely, 
Vid  the  interval  between  the  cylinder  and  the  box  was  filled  vrith  10 
pounds  of  cold  water,  which  ^vjm  excluded  from  the  bore  of  the  cylinder 
by  oiled  leathers  fixed  on  the  l)orcr ;  and  after  two  hours  and  a  half,  the 
water  waa  made  to  boil.   Hence  Count  Kumiord  calculates  that  the  heat 

*  Maneh.  Menu.  ▼.  515. 

t  On  the  production  of  heat  by  condensation,  and  cold  by  rarefaction,  see  Dar- 
win. Ph.  Tr.  1788,  p.  4^1  Pictet,  Jour,  de  Fby.  xlvii.  186;  Bullet,  ibid.  xl?ui. 
1M{  Fh.  1^.  siv.  863. 
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produce*!  in  this  munuiT,  l>y  the  ojx?ration  of  friction,  was  equal  to  that  of 
9  wax  cHiidles,  each  Uiree  t^i^i^rten  of  49  iacb  ia  diameter^  oontinuing  to 
burn  for  the  same  tiiae,* 

A  btiil  more  rapiJ  increase  of  temperature  may  be  obtained,  where  tli0 
itt)aliF«  Yiebdij  of  bodkt  is  mom  oomidiWiiiWiv  or  wliaie  tliey  itiiko 
wtsh  otfaer  ivith  nolMioe*  Tliiui  «  loft  nail  may  lie  ao  heated,  by  lime  or 
U^t  Uomof  a  bamoMt^  tbatwa  m^y  light  a  malch  wifli  it;t  and  hy 
Gontinuijig  the  operatiop,  ft  may  be  made  red  hoi:  two  piioes  of  wood  may 
also  be  set  on  fire  by  means  of  a  lathe.  When  a  waggon  takes  fire,  for 
want  of  having  its  wheels  properly  f^pawt],  the  friction  ia  probably 
increased  by  tlie  tenacity  of  thp  hardened  iar,  which  perhaps  becomee  the 
more  comhustihle  as  it  dries. 

Oue  of  the  muut  reuiarLable  circumstances,  atteudiag  tiie  production  of 
beat  by  ftktioii^ia  the  diaoovary  of  ProfiBeeor  Fictet,  that  it  ia  oftea  madi 
ntoia  poworliilly  oxdlad  liy  aoft  aubetaooea  than  by  bacdar  oqaa.  Iii 
nialdiigaonaa  experiroenta  in  a  Tacimiiif  io  order  to  awiinino  liow  fwr  tho 
presence  of  air  m|ght  be  concerned  in  tlie  effects  of  friction,  he  accidenlaUy 
interposed  some  cutt<m  between  the  bulb  of  hb  thermometer  and  the  cup, 
which  was  suhjecte<i  to  the  friction  of  various  substances  as  it  revolved  ; 
and  he  found  tliat  thi^  mh  fTlaments  of  the  cotton  eqjccited  much  more  heat> 
than  any  other  of  the  siibstancea  enxployt  fl.J 

iiit:  chemical  production  of  heat  is  ui  greater  practical  importance  tiiaa 
its  mechanical  excitation ;  but  by  what  maana  flhamiaal  changes  operate  in 
eaniti^g  hea^^  wa  eannot  attempt  to  delenniaa.  There  ia  oertamly  no 
general  law  of  oomppeition  or  daeompoaUion  that  can  be  applied  to  all  aoeh 
caeea :  moat  commonly  he^t  ia  prodnoed  wlien  oxygen  exchanges  an  aeri- 
lonn  tot  sc^  etal^  or  enfasB  into  a  new  combuuition,  and  still  remaina 
elastic ;  but  in  the  case  of  gunpowder,  heat  is  disengaged  while  an  elastic 
fluid  is  produced  from  a  solid  ;  and  in  some  other  cases  the  oxygenous 
principle  is  wholly  unconcoriied.  It  jqipeai-s  on  the  whole,  that  however 
ht^t  may  he  tixcited,  the  corpuscular  ]io\vei's  uf  cohesion  and  repulsion  arc 
always  disturbed  and  called  into  action,  their  ec^uiUbrium  being  destroyed 
i^d  agtun  raehuadt  whethar  by  meohaoloal  or  by  cheinieal  meana.  A  wax 
ei^yidle^  f  of  an  inch  in  diamBtar»  loeee  a  giwn  of  ita  wd^  in  87  aeoonda^ 
and  consumaa  about  three  gr^na»  or  9  cubie  inelie%  of  oxygen  gaa^ 
l^poduinng  heat  enough  to  raise  the  tomperatore  of  ahout  1.'),000  grains  of 
water  a  single  degree.  According  to  the  experiments  of  Mr.  Lixvolsier  and 
Mr.  Laplace,  the  comb«sti(jn  of  ten  grains  of  phosphorus  re([niri's  the  oou- 
suinption  of  15  grains  of  oxygen,  the  comlnistion  of  ten  grains  of  charcoal 
2(i,  aud  of  hydrogen  gas  56 ;  and  by  the  heat  produced  during  the  co)n)>us- 
tion  of  ft  pound  of  phosphorus,  100  pounds  of  ice  may  be  melted,  during 
of  a  pound  of  charcoal  86|,  of  hydrogen  gas  2054,  of  wax  198^  and  of 
ciliva  oil  148 ;  and  during  the  daflagralion  of  a  pound  of  nitre  witii  about 

*  Fh.  Tr.  1798,  p.  80.  Emm,  ii.  IX.  Nich.  Jonr.  ii.  106.  See  alao  Ualdot,  iUit 
UTi.  30. 

t  Mum.  d'Arcueil,  ii.  HI. 

X  £Mais  de  Fhysiqae,  Geneve,  1790. 
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one  sixth  part  of  iU  Wttighi  ol  fihamoa^  twelve  poundB  of  ioe  may  be 

melteii.* 

The  manner  in  which  heat,  whca  excited  or  extricated  by  any  of  thcbo 
means,  j^wismi  from  one  body  to  another,  requires  to  Us  very  particularly 
couBuned.  We  ihell  find  that  thb  comiQuniotiim  hanwn*  one  or  both 
«l  two  ways,  by  eonftact^  or  by  mdiatioii;  and  that  it  may  alto  difo  both 
with  Mipeet  to  the  quantity  of  beat  oonoemedy  and  to  Uw  time  oocnpied 
by  the  proceee.  Whatever  heat  may  be^  we  may  mfdy  eondnde  fhat  in 
■ubfltanoes  of  Uie  san^  kind,  at  tlie  same  temperature  or  apparent  degree 
of  wannth  or  c<»Mnes8,  its  cjuantity  must  be  proportional  to  the  mass  or 
weight ;  f  n  iiist;L!ic4?,  that  a  quart  of  the  wat  r  of  a  given  cistern  contains 
twice  Eci  iimch  litat  as  a  pint ;  and  wliere  ihia  in  true  of  the  different  parts 
of  any  sulMttauc*^  Ihtiy  luuiit  rtiuiaiu  iu  eij^uilibriuiu  with  respect  to  heat. 
But  if  two  eqoal  portiona  of  tlie  eame  mlNitanoe^  containing  diflbtent 
quantitiee  of  heat»  be  in  ooQtad»  th^  will  aiEMt  each  other  in  endi  a 
maaMr  ae  to  have  their  tanpeiatniea  aqnaliaed,  and  the  more  mfudly  ae 
the  oontact  is  more  perfo(  t.  Thus,  if  two  portions  of  a  fluid  at  different 
temperatures  be  mixed  together,  they  will  acquire  immediately  an  inter- 
mediate tempf'rnt'ire  ;  and  when  two  soUds  are  in  contact,  the  quantity  of 
heat,  communicated  by  the  hotter  to  the  colder  in  a  given  time,  is  nearly 
])roj)ortional  to  the  difference  of  the  temperatures.  Ilcnce  it  would  follow, 
that  they  could  never  become  precisely  of  tiie  same  temperature  iu  uuy 
finitetime;  bntinfMithedlftimoeof  tempeiatnniaiendend»inamod^ 
fate  time^  too  email  to  be  perceptible.  The  natua  of  the  enbetaneee 
eonoeroed  haa  also  a  material  efieet  on  the  velocity  with  whioh  heat  ia 
communicated  through  their  internal  parts;  metallic  bodies  in  general 
conduct  it  the  most  readily,  earthy  and  vitreous  bodiea  the  ieait;  but  the 
various  metabi  possess  this  power  in  different  degrees  ;  silver  and  copper 
conduct  heat  more  rapidly  than  iron,  and  platiua  traaamitfi  it  but  very 
slowly,  Prtifessor  Pictet  supposes  tliat  heat  ascends  within  solid  bodies 
more  readily  than  it  descends ;  but  the  effect  of  tlie  air  remaining  in  the 
imperfect  vaonnm  of  the  air  pump  may  be  sufficient  to  explain  his  experi- 
menta;  the  diffuance  of  tempetatara  ptoducing  an  aeciending  cuiteni 
in  the  nfljgfaboniiiood  of  the  heated  body^  by  meane  of  which  the  cdd  air 
continually  a[ip roaches  its  lower  parts,  and  carries  tlie. heat  upwards:  and 
it  has  been  found  thai  the  rarefacUon  of  air  does  not  by  any  meane 
diminish  its  power  of  *<w*^iiMiiig  bea^  in  proportion  to  the  ^iiminntmn  of 
its  density. 

Count  liuiutord  s  experimentat  have  siiown  tliat  all  iluids  are  very 
imperfect  conductors  of  heat  by  immediate  contact,  although  it  is  scarcely 
cmdibla  thai  they  can  be  absolutely  nouconductors ;  but  h^  ie  usually 
communiested  between  diffinrent  portions  of  the  seme  fluid,  almoet  entirely 

*  On  combustion, conflult  Ilooke,  Mico[rmph:ri,  p.  103.  Ixivoisier  and Laplaco,  Hist, 
et  Mem.  1781),  p.  libb,  11.  3.  Rumfonl,  Nil1\.  Jour,  xxxii.  105  i  xxjtiv.ilQ  ;  xxxv. 
95.  Davy.  Ph.  Tr,  1817.  Sym,  Annnls  of  Ph.  vui.  321 .  Onviet,  ifald.  (2Bd  saciei), 
S*  417.    f>o)»erriner,  Schw»  igeprVi  Jahrbuch,  iv.  'Jl  ;  viii.  321. 

t  Ph.  Ti  .  17riG,  p.  273  ;  17Kii,  p.  IH.  Eusays,  Lond.  179G,  See  also  Dalton, 
Manch.  Mem.  v.  373.  Tlwmsoii,  Nich.  Jour.  iv.  629;  Hvo,  i.  81.  Murray,  ibid, 
i.  165,  'UZ.  Trail,  ibid.  xii.  135.   Despicts,  COMpHe  Bcndna,  w.  m. 
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by  the  mixture  of  their  particles:  Leuca  a  Huid  heated  on  iia  surface 
trausinits  the  heat  very  slowly  downwards,  nnce  the  parts  which  are  first 
heated,  being  rendered  epeciflcally  lighter,  retain  their  aitnation  above  the 
colder  and  heaner  jtarte ;  wbilc^  on  the  contraiy,  any  eanae  of  heal^ 
applied  at  tiie  bottom  of  a  Tessel,  very  soon  reduces  all  ita  ooniente  to  a 
uniform  temperature.  It  appears  also,  from  some  late  experiments,  that 
the  immediate  trnnsraission  of  heat  within  the  internal  partjj  of  solids  is 
much  slower  than  lias  commonly  been  i«uj>pfisf>d  :  r\n  1  it  has  been  found 
almost  impossible  to  keep  a  thermometer,  at  the  centre  of  a  large  and  »oiid 
globe  of  metal,  at  the  same  temperature  with  that  of  its  superficial  parts.* 

Besides  the  communication  of  heat  by  contact,  it  is  usually,  if  not 
always,  emitted  firom  the  anifKea  of  bodiea  in  the  fom  of  radiant  lieat» 
which  ie  thrown  off  in  all  directxon%  whererer  it  meeta  no  obatade  from  a 
aabetance  imperrione  to  tt,  and  ia  propagated  neadly  in  the  same  mann«» 
as  lights  and  probably  with  the  same  velocity,  without  producing  any 
permanent  effect  on  the  temperature  of  the  medium  transmitting  it.  Thus, 
a  thennometer,  suspended  by  a  fine  thread  under  the  receiver  of  an  air 
pump,  or  in  the  Torricellian  vacuum,  will  continue  to  vary  its  temperatiire 
with  that  of  the  surrounding  bodies :  and  in  tliis  case  the  whole  of  the  heat 
must  be  communicated  by  radiation.  Mr.  Leslie  has  discovered  that  the 
qnantit J  of  heat  thna  emitted  dependa  not  only  on  the  temperature,  Imt 
alio  on  the  nature  of  the  sufooe  cmioenied,  a  polished  aox&ce  of  tin 
emitting  only  or  less  than  one  eS^th  part  as  much,  as  the  same  surface 
blackened.  A  sturiaee  of  tin  ecraped  with  a  file  in  one  direction  has  ita 
powers  of  radiation  more  than  doubled ;  but  by  crossing  the  scratclies, 
they  are  reduced  nearly  to  their  original  state  ;  and  a  coating  of  isinglass, 
resin,  or  writinj;  pajjer,  or  a  glassy  surface  of  any  kind,  produces  an  effect 
nearly  ap])roui'iung  to  that  of  black  paint.  This  radiation  from  a  heated 
anr&ce,  Uke  that  of  light,  takes  place  in  almost  equ^  degrees  in  evexy 
direction ;  and  its  magnitade  is  neatly  independoit  of  the  natnre  of  the 
fluid  in  contact  with  the  anifaee^  proyided  howerer  that  it  he  an  daatie 
fluid ;  for  water  does  not  eeem  to  transmit  evezy  kind  of  radiant  heat  with 
freedom.  It  appears  that  the  radiant  heat  emitted  by  a  surface  of  glassy  or 
of  black  paint,  is  about  one  third  greater  than  that  which  is  at  the  same 
time  carried  off  by  the  atmos])heric  air;  but  that  the  radiation  from  a 
metallic  surface  is  only  one  sixth  of  that  wliich  the  air  receives.  Mr. 
Leslie  has  also  fouud  that  the  same  surfaces  which  emit  heat  the  most 
freely,  are  also  ihe  readiest  to  receive  it  from  the  radiation  of  other  bodies.t 

The  solar  beat  radiates  fndj  through  air,  glass,  water,  ice,  and  many 
other  traaspaient  medimns,  without  prodadng  any  sensible  effect  on  their 
temperatnrei^  and  even  whm  it  is  concentrated  by  tibe  efl^  a  buning 
mirror,  it  scarcely  affects  the  air  through  w]\u;h  it  pumtio,  and  other  tiaaa- 
patent  medinms  but  little.  But  the  heat  of  a  fire  warmaa  piece  of  «»™ii*w 

*  The  law  of  conduction  is  not  yet  contd^  defined.  See  Kelland,  on  the  pre. 
sent  State  of  our  Knowledge  of  the  Laws  of  Conduction  of  Heat.  Rep.  of  Brit. 
Ass.  1841.  The  law  of  radiation  in  vacuo  has  bee4:i  determined  by  MM.  Dulong  and 
fistit  i  their  experiments  will  be  foimd  in  the  Annalea  de  Chimie,  vii.  22&,  Ac. 
Ilionuon'B  Annali,  vol.  xiii. ;  or  in  the  art.  Heat,  in  the  Fnr yclop.  BIslr. 

t  Inquiry  into  the  Nature  and  i^opagatiou  of  Ueat,  Lund.  1804. 
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l^bv  vary  r^idly,  and  its  further  progTMB  is  ^Unost  entirely  intacropted 
bj  the  glass,  althongfa  probably  •  ontain  portion  still  continues  to  accom- 
pany the  light  in  all  cases.  Hence  a  screen  of  glass  is  sometimes  practically 
convenient  for  allowing  us  the  sight  of  a  fire,  anrl  protecting  us  at  the  same 
time  from  its  too  great  heat.  Mr.  Lambert*  siiuwed  that  culinary  heat 
was  much  more  strongly  retlected  by  mirrors  of  metal  than  of  glass,  although 
little  difference  was  observable  in  the  quantity  of  light,  and  1m  very  justly 
•itrilmted  thb  dilftMBM  to  Uw  intaroept^ 

which  opttratad  withiaapaei  to  it  liksen  opaque  anbataiice^  altluRigh  itttana- 
mitted  Uie  U^lt  niAh  freedom.  Opaque  substances  in  general  appear  to  be 
wholly  impervious  toimdiaiting  heat  of  all  kinds;  but  Dr.  Herschelt  lias  found 
that  dark  i-ed  ghiss,  which  transniita  a  very  small  portion  of  light  only,  suf- 
fers some  kinds  of  i  ndiant  heat  to  pass  thmiigh  it  with  very  little  interruption. 

In  other  respict^^,  radiiuing  heat  is  Miltject,  in  all  cases,  to  the  optical 
laws  winch  govern  the  reflection  and  refraction  of  light.  Dr.  Iloflinaon 
appears  to  have  been  the  fint  ihat  odleeled  tiie  inrUUe  heat  of  a  store 
intoAfoeas  hjtheiefleotion  of  000  or  sioie  eonoato  ninorfc  JMon^ 
Smmuo^  Fielet»  and  Mr.  King,  made  afterwards  aimaar  ezperlmeiito  on 
the  heat  of  a  plato  of  iron  and  of  a  TMsel  of  hoiling  water.  Mr.  Pictet>  aa 
well  as  Holiiaaiiii,  employed  two  mirron  facing  each  other ;  and  by  meant 
of  this  arrangement  the  experiment  may  be  performed  wlien  the  thenno* 
niftcr  if;  ])laced  at  n  mnsidera^le  distance  from  the  heated  body. 

Tlu'  tt'iii |tv Tature  of  the  air,  not  i>ting  affected  by  ihe  radiatian  of  heat, 
is  prol)ably  in  ail  respects  indiiferent  to  its  emission  in  this  manner ;  and 
as  the  rays  of  light  cross  each  othor  freely  in  all  possible  directioni^  eo  it 
appears  fliat  heat  may  flow  indiHerent  diieetloas  through  the  samemedhna 
withont  being  inienniptod ;  nor  does  there  seem  to  he  any  moie  leason  that 
a  hot  body  should  cease  to  emit  heat  whils  it  is  reeeiiriDg  heat  Urom  anotfaCT 
body,  than  tliat  a  luminous  body  should  cease  to  afford  light  when  another 
body  shines  on  it.  This  continual  interchange  of  heat,  constituting  in 
cornrnnii  eases  a  kintl  of  equilibrium  of  motion,  appears  td  have  been  first 
suggested  by  Mr.  Prevost,§  as  an  explanation  of  an  c  x])en!nent  on  the 
reflection  of  cold,  revived  by  Mr.  Pictet,  but  ohgmaiiy  made  some  centuries 
before,  by  Plempius,  and  by  the  Academicians  del  Cimento.  A  thenno- 
meter,  tor  example,  must  he  supposed  to  reWn  Us  tampemturs  hj  meant 
of  the  continual  aeeession  of  radiant  lieat  from  the  snnomiding  hodiei^ 
suppljring  tiie  place  of  that  which  is  continually  thrown  off  in  all  direc- 
tions towards  those  bodies.  Supposing  the  themomster  to  be  placed  near 
the  focus  of  a  metallic  specnliim,  not  much  less  than  a  hemisphere,  about 
one  half  of  tlie  heat,  which  the  thpminmeter  wonld  otherwise  have  rpccived 
from  the  surrounding  i>odies,  must  hv  inti  rcepted  hy  the  mirror,  which, 
being  metallic,  emits  itself  but  little  raciiant  heat,  but  reflects,  notwith- 
standing, an  equal  quantity  of  heat,  from  the  objects  on  the  opposite  side, 
so  that  the  temperature  of  tlie  thennometor  remains  nnaHsied,  Bat  aH 
the  iieat,  wlklch  falls  on  tibe  thermometer  from  tlw  mirror,  must  have  passed 

*  PyronMe,  4to,  Beri.  1779.  See  Mariette,  Hist,  el MIm. LttS;  TM de la 

Nat.  des  Couli  urs,  1680. 
t  Ph.  Tr.  1800,  p.  255,  &c.  t  Wolfe,  Fb.  Tr.  1769.  p.  4. 

{  Sar  TEqaitttee  da  Fra,  Ooalte,  1793.  Da  Odotifee  BBfoaasBl,  Gsa.  1809. 


Digitized  by  Google 


490 


LECTUBSU 


through  the  conjugate  or  correspundiug  focus ;  and  if  a  body  at  the  sama 
temperature  be  placed  in  that  focus,  the  Tadiation  will  rtill  bethaaMM;  bvt 
if  a  Bubetanoe  absolutely  cold  were  placed  there,  the  whole  of  the  beat  befeca 
leiecied  b j  the  mimar  would  be  intareepted,  thai  i%  almoet  half  of  thai 

which  was  roei  ived  by  the  thermometer  from  the  surroundmg  bodies ;  and 
if  a  piece  of  ice  be  put  in  the  conjugate  focus,  a  delicate  thermometer  will 
instantly  show  its  eflfect  in  depressing  the  temperature  ;  aa  if  the  ooLd  weta 
absolutely  reflected  in  the  same  iiiauiier  as  heat  or  light. 

Dr.  Ilerschel's  experiments  have  shown  that  radiant  heiit  consists  of 
various  parts,  which  are  differently  refrangible,  and  Liiat  m  geucral,  in- 
visiUe  heat  ia  kei  refrangible  than  Ught.  TUa  diaoovtiy  maat  be  aUowod 
to  be  one  of  the  gieateet  that  haa  been  made  once  the  daya  of  Newton, 
although  the  theotiea  of  some  speonlatiTe  philoaophen  might  hm  kd  to  it 
a  few  years  earlier.  Dr.  Herschel  was  occupied  in  determining;  the  pfo- 
perties  of  various  kinds  of  ooloured  ghuM^  which  rendered  them  more  or  less 
fit  for  ena1)ling  the  eye  to  view  the  sun  through  a  telescope  ;  and  for  this 
purjiose  it  was  necessary  to  inquire  which  of  the  rays  would  furnish  the 
greatest  quantity  of  light,  without  su  Injecting  tlie  eye  to  the  inconvenience 
of  unnecessary  heat.  He  first  observed  that  the  heat  became  more  and 
move  considerable  as  the  thermooMter  approached  the  axtraoM  fed  raya 
In  the  prismalie  apeetnim;  and  paiming  the  azperiman^  ha  found  n«t 
only  that  the  haai  oontmned  bejond  ftha  virfbla  ipectnun,  bnt  that  it  mm 
even  more  intense  when  the  thermomatar  was  at  a  little  distance  without 
the  limits  of  the  epeotfum,  than  in  any  pomt  within  it»*  (Plata  XXXIX. 

Fig.  ry-U],  647.) 

Sir  Henry  Enirlefioldt  has  repeated  these  experiments  with  many  ad- 
ditiuuni  precautioiio,  and  Mr.  Davy  was  a  witness  of  their  perfect  accuracy : 
the  exceiM  of  heat  beyond  the  spectrum  was  even  considerable  enough  to 
ba  aeoertained  by  tha  Miiaaof  wannth  occasioned  by  Ihiowhtg  It  on  the 
liand.  Xfaaddnappean^  wheneomparcdwith  athannonMleK^to^ 
■ennbility  mora  adapted  to  tha  parception  of  ladiant  haat  than  to  thai  of 
heat  imparted  by  contact,  perhapa  beeanee  a  muoh  emallar  quantity  of 
heat  is  sufficient  to  laiee  the  temperature  of  the  thin  cuticle  very  consider- 
ably, than  would  ba  lequired  in  order  to  affiBet  any  thaononeltt  in  tha 
same  degree. 

It  was  first  observed  in  Germany  by  Ritt-er,  and  soon  afterwards  i» 
England  by  Dr.  VVollastou,  that  the  muriate  of  bilver  is  blackened  by 
invisible  my%  whidi  extend  beyond  the  priamatie  qpaotrom,  on  the  violet 
aide*  It  ia  tharefore  probable  that  theae  Uaofc  or  infiflibla  rays,  the 
videty  blue,  gveen,  parhapa  tha  yaUow,  and  the  red  raya  of  Kght^  and  tha 
rays  of  invisible  beat^  oonstitute  sevan  different  degrees  of  the  sana  aeakj^ 
dietinguiahad  Orom  each  other  into  tUa  limited  nnmbai^  not  by  natural 

*  Hencbd,  Ph.  Tw,  1800,  p.  255,  &c.  Leslie,  in  Nich.  lovr.  Ir.  f44,  edied  hi 
question  this  experiment.  Landriani  (Volta  Ltttere  swW  Ann  (!p11p  Psilnfli,  1777, 
p.  136)  and  Rochon  (Recueil  dea  Mem.  1785,  p.  348;  liad  ^>l^c<^d  U»e  pomt  of 
greateat  heat  near  the  yellow.  The  matter  was  completely  inTestigatcd  by  Seebede, 
Abhand.  der  Akad.  BerUn,  1818.19,  p.  305,  ^n<\  he  found  that  the  diflerence  iiae 
doe  to  the  substance  of  the  prism  :  with  wuU  i  liic  puint  of  greatest  h«at  ia  ia  tbs 
yellow  ray  \  witli  crown  glasa  in  thu  nt\ ;  and  with  ffint-f^lH,  b^fOttd  tha  wL 

t  Jour,  of  the  Rojrel  institiitioM,  1802,  p.  202. 
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divkuBi^  but  Iqr  tiwv  tibflii  Mi  our  mbvi  t  and  w«  bmj  iJio  condndk 
thai  tiMM  it  toiiM  ainilw  xtlatioa  ImIvmii  haatod  and  tenunooabodiai  ol 
diflbsent  kinda* 

ThaeffecUof  heat,  thus  originataof^  and  tb«w  oommii]ii«atad»  vn^ ba 
dividad  into  tboM  which  are  temporary  only,  and  thoee  which  are  par> 
»Y»M^— nt.  The  permanent  effects  are  principally  confined  to  solids,  but  the 
temporary  effects  are  different  with  respect  to  substances  in  different  states 
of  sg^'reg^ation,  and  they  also  frequently  comprehend  a  clmnge  from  one 
of  these  states  to  another.  The  effect  of  heat  on  an  elantic  iluid  is  the 
ttimpkbt  of  all  these,  beine:  merely  an  expiiUbioii  of  iilxmt  one  five 
hundredth  of  its  bulk  for  each  degree  of  Falireuheit  that  the  temperature 
is  raimid  ;  or  lui  eqiuvalent  augmentation  of  the  elasticity  when  the  iiuid 
ia  oonfined  to  a  ooflala  ipaot.  TMa  axpaaiion  la  very  nearly  the  sama  for 
all  gaaea  and  Tapooia^  awMHUiting  to  ^  aaeh  degree,  at  tha  eonimon 
fampamtaua  of  ^  of  Fahnnhaiti  bvt  al  highar  tampanftiiiaa  it  ia  leas 
than  ci  tha  bulk  of  tha  gas,  and  at  lower  tavpsnitinaa  somewhat 
moia^  baing  naarly  tha  aanne  in  fqantity  far  tha  aana  pottton  of  tha  flnid 
at  all  temperatures. 

When  an  elastic  fluid  ia  aoBtnetad  by  cold  ivifthin  anfeain  limits,  deter- 
mined by  the  degree  of  pressure  to  which  it  is  exposed,  as  well  as  by  tha 
nature  of  the  fluid,  its  }>articles  become  subjected  to  the  force  of  cohesion  ; 
they  ruiili  tttil]  nearer  together,  and  fonn  a  liquid.  Thuei,  when  steam, 
under  the  common  atmoHjilieric  pressure,  is  cooled  below  the  heiit  ut 
boiliug  water,  it  is  in^^taiitij  condensed,  and  becomes  water :  but  with  a 
prciieureof  two  atmusj  lieres,  it  would  be  condensed  at  a  temperature  tM>° 
higher,  aud  with  the  pieaiuie  of  half  our  atmosphere  only,  it  might 
be  cooled  without  condensation  33°  lower  than  the  common  temperature 
of  boiling  watar.  AndifanilaralbetatakepUaala  vaponiaaf  otbarhinda 
at  hlgbar  ov  lowar  tanpaiataiati  a  donbla  pramiia  producing  in  all  caaea 
an  aqital  diipontioii  to  ogndanaationt  with  a  dapmeion  of  tamperatiuo  of 
bctwaen  90  and  40  dsgves^  and  maafc  commonly  of  about  of  Fahraa- 
luiit.  Thus,  tha  Topoar  of  spurit  of  wina  ia  usually  condaaacd  at  of 
Fahrenheit ;  but  with  a  donbla  pressure  it  la  aandenasd  at  a  temperatura 
30°  highar ;  and  with  tha  ptMsure  of  half  an  atmoipboa^  at  a  temperature 
35°  lower ;  and  the  vapour  of  ether,  which  is  commonly  condensed  at 
102°,  requires  a  ten^]>erature  38°  higher,  with  a  double  prefisure,  or  as 
mnvh  luwi  r,  half  the  usual  pressure.  If  the  temperature  be  l>elow 
tlie  fn  «  /  ini^  pomt  of  the  li(|uid,  the  pressure  being  sufficiently  l(«»tieued,  the 
vapour  may  still  retain  itti  elasticity,  but  a  further  reduction  of  temperature 
or  increase  of  pressure  will  convert  it  imjiU'<liat(  ly  into  a  solid. 

The  cjkpausiou  of  liquidj^  by  the  effect  of  htul  is  much  less  uniform  and 
i^guUr  than  that  of  elastic  fluids,  since  it  varies  eonaidaiab^y,  not  only  in 
diflaiant  liquids,  but  alao  in  tha  aama  h<iuid  al  difiamt  lempantani^ 
bciDg  in  general  greatar  astha  tamparatoia  iamore  eleTatsd,andeoiaatiines 
alnuMt  an  pioportton  to  tha  axoea  of  thatampoatvia  aboTo  a  certain  po^ 
at  which  It  bagina.  Thia  vaiiatlon  appaaia  to  ba  tha  least  coniidanbia  in 
aMiauy,  although  even  tlib  fluid  ozpaadi  a  littla  more  lapidly  aa  it 
becomaa  mora  heated  ;  but  tha  axpanabn  ia  alwaya  veiy  naarly  ona  ten 
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thot!«(aTidth  for  each  degree :  that  of  water  is  eqtial  to  this  at  the  tem- 
perature 64°,  and  is  greater  or  less  nearly  in  proportion  to  the  distance 
from  no",  where  it  begins,  hut  in  high  temperatures  it  varies  less,  since  it 
is  not  (|uiie  four  times  as  great  at  the  heat  of  boiling  water.  The  expan- 
rion  of  tptril  of  wine  at  70^  is  liz  Hom  as  gnat  as  that  <tt  mercuy :  its 
utmost  vanatioii  is  much  less  than  that  of  watsr,  althoi^  it  is  at  laaat 
twieo  as  great  in  some  parts  of  the  scale  as  in  othan. 

It  has  already  been  obeerved  that  an  elevation  of  tmpentee  consider- 
ably  diminishes  the  powers  of  cohesion  and  of  repulsion  in  solid  bodies: 
the  same  is  al^n  tnip  of  li'niifl'^ ;  for  the  heii;ht  to  which  a  liquid  rie<>sin  a 
ca])illary  tu!>e  is  (iiiuinished  somewhat  less  than  -rnSrv  each  de^ee  of 
Faiirenheit  that  the  temperature  is  raised,  the  force  of  superficial  cohesion 
being  diminished  both  by  the  diminution  of  the  immediate  actions  of  the 
partidee,  and  by  that  of  tiia  distances  to  which  th^  ezleiid. 

Whan  the  tampentare  of  a  liquid  ia  so  mudh  derated  aa  to  haeooka 
equal  to  that  of  its  Tapoor  in  a  sUrta  capable  of  sostaining  tha  atmo- 
sphaiieal  pieseure,  or  any  other  pnessnre  whkh  may  be  substituted  for  it^ 
a  eotain  portion  of  the  liquid  is  converted  into  vapour,  and  the  heat  bein^ 
generally  applied  at  the  hottnm  of  the  vessel,  the  vapour  n<»e«i  up  in 
bubbles,  and  the  effect  in  (.alkd  tioilinj?.  The  whole  liquid  ii*  not  cmi  verted 
at  once  into  vapour,  becaube  a  certain  quantity  of  heat  iip|»tar»  to  he 
consumed  by  the  change,  and  a  conbt&ut  supply  of  heat  is  neceasar;^ ,  Lu 
ofdor  that  iSbut  operation  may  be  continned. 

It  ia  not^  howtrer,  only  at  tha  belling  point  thai  a  fluid  btgiuB  to  be 
oonfSftsd  into  vapour ;  tha  preesnxt  of  the  atmosphere  is  not  snflicieni 
whdly  to  prevent  the  detachment  of  a  certain  quantity  of  vapour  from  its 
surface,  at  a  temperature  which  is  incapable  of  s-n]  porting  it  separately  in 
the  form  of  pteam  in  the  open  air,  and  it  may  be  thus  suspended,  when 
mixotl  either  witli  common  air,  or  with  any  other  elastic  fluid,  at  the 
ordinary  temperature  of  the  atmosphere.  And  it  appears  that  the 
quantity,  which  is  thus  suspended,  bears  very  nearly  some  cunstaut  pro- 
portbn  to  the  dmdity  of  wbidi  the  steam  is  capable  at  the  given  tem- 
perature in  a  sepaiata  statei»  the  inteiposition  of  the  air  either  not  aflecting 
tha  distance  at  whidi  the  cohesion  would  take  place,  or  altering  it  equally 
in  all  caeeOi  It  seems  to  be  most  probable  that  the  denidty  of  vaponr, 
•nspended  in  this  manner  in  the  atmoephere,  is  always  about  twice  aa 
great,  or  Rt  Iea'?t  hnlf  n'^  ^reat  acnin,  n*^  that  of  steam  existing  inde- 
pendently at  the  same  tc'inprraturi'.  There  ih,  pcrhfi]>s,  nr>  liquid  absolutely 
free  from  a  disposition  to  evaponiLt :  even  mercury  riijcs  in  the  vacuum  of 
the  barometer,  and  lines  the  cavity  with  small  globules ;  and  it  is  said  that 
tha  eiect  of  light  ia  fkraiabla  to  tUa  slow  evapoiation.  At  whatever 
tempemtnia  arapoialiott  takea  plaee  it  ia  always  accompanied  by  tha 
prodnctiflo  of  odd;  hanoe  it  is  usual  in  warm  eHmatei^  ta  employ  various 
methods  of  promoting  evaporation,  in  order  to  lower  the  temperature 
of  tha  air,  to  ood  liquids  for  drinkingt  or  oven  to  pfMua  ioefor  domeaUa 
uses. 

It  appc'irs  that  all  aqueous  flui  if^  are  contracted  hy  cold,  until  wo  nrrive 
at  a  certain  pumt,  which  is  generally  about  7  or  B  degrees  higher  than  their 


« 
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fre^DOg  point  ;*  thej  then  expand  again  almost  in  au  equal  degree  as  Uiey 
mrm  still  mm  eookd ;  and  ptorided  that  they  be  firee  from  <yUtiiwi,  they 
mmj  nnain  liquid  at  a  tanperatm  ooiuideraUy  below  the  point  at  whleh 
they  vmally  fi«tM^  and  at  which  tiialr  fee  alwayi  ndtii  Water  maj  be 
eooled  in  thfeaaniier  to  aboat  IQP  of  FabrenlMi^  ai^ 
car  eipeeiaUy  if  a  unall  paitiele  of  ice  or  new  be  fhnwii  into  it»  a  eeitaia 
part  of  it  will  uutaatly  congeal,  and  its  tempeiaftnxe  will  be  raiaed  at  onoe 
to  32^»  in  consequence  of  the  heat  whieh  is  always  produced  or  extricated 
in  the  act  of  freezing.f  In  most  cases,  althongh  not  in  all,  tlie  solid 
occupies  more  f^pace  than  the  fluid  :  thus,  it  is  prohahle  that  \ce,  when  per- 
fectly fret'  froiii  air  hwhVtlea,  h  at  lea^t  one  MWh  li^jhtor  th;iii  Ns  atcr  ut  the 
Rfuiie  temperature.  A  saturated  .solution  of  Glauber's  nails,  or  sulfate  of 
H()(ia,  in  hot  water,  may  be  cooleti  slowly  to  the  temptruture  o£  the  atmo- 
sphere, when  Uie  pressure  of  the  air  is  excluded,  and  m&y  be  made  to  crys- 
tallize by  admiUing  it  suddenly,  the  liquor  becoming  at  the  same  time 
warm  in  eonnqMnoa  el  die  heal  wliidi  la  eztrioated ;  and  thoa  b  no 
donbi  bat  tiiai  the  eoi^gdatiini  ef  water,  and  peihapa  cf  aU  other  aub- 
atanoei,  la  a  nryitalli  iwtiiwi  of  the  aame  kind* 

The  expanaioiia  of  aolid  bedifa  ftppev  to  lie  move  rogvlar  than  thoaa  of 
liquids  or  eren  of  elastic  fluids;  tliey  vary  little  at  any  temperaftnn^ 
although  it  b  said  that  they  do  not  always  take  place  in  their  fnU  extsnl 
at  the  instant  that  the  substance  has  become  heated,  and  that  a  blow,  or 
the  agitation  produced  when  they  are  made  to  sound  by  the  frictioo  of  the 
bow  of  n  violin,  may  soinctimef  T>e  ohserved  to  cause  them  to  assume  the 
state  of  f  (iuililiriuui  w  itli  L'ri.aU'r  rapidity.  lirass  expands  about  one  hun- 
dred thousandtli  of  itd  length  for  each  degre*i  of  Fahrenheit,  copper  and 
gold  a  little  less  ;  silver  somewhat  more  ;  glass  and  piiitina  loss  than  half 
as  much  ;  iron  and  steel  about  two  thirds  as  much  ;  tin  one  third  more,  and 
lead  and  zinc  about  half  as  much  more.  Wood  and  earthenware  are  the 
least  eKpaariUeolaU  known  aolidi.  The  diminntieii  of  the  slartiflity  of 
lion  and  steel  by  the  delation  of  tlwir  tempersime  amooate  to  about  roW 
of  the  whole  for  each  degiee ;  bat  probably  varioae  oahetanosa  aie  faiiooaly 
alibeted  hi  tlui  laqpeet. 

Hie  liqae£sctbn  of  soBds,  and  their  conversion  into  fluids  by  the  opera- 
tion of  heat,  is  liable  to  few»  irxegularities  than  any  other  of  its  effects ; 
tlie  diange  depending  only  on  the  temperature,  and  not  being  accelerated 
or  retarded  by  any  accidental  circumstances.  When  the  temperature  is 
too  low,  or  the  pressure  too  small,  for  the  existence  of  the  substance  in  a 
liquid  form,  it  may  still  be  converted  into  vapour,  i  itlu  r  mixed  with  air, 
or  in  a  separate  state  ;  thus  ice  loses  weight  when  it  is  exposed  to  a  dry 
f^rosty  wind ;  and  camphor,  benzoin,  ajul  ammonia  are  bublimed  by  heat 
without  being  melted,  although  it  is  probable  that  a  pressure  sufficiently 
strong  might  enable  them  to  exist  as  liquids  in  elsratcd  temperatures.  In 
all  changes  from  solidity  to  liquidity  or  to  silastic  fluidity,  a  eertain  quan- 

•  On  the  point  of  maxinuim  tlensily  of  water,  see  Waller's  Traiu.  of  the  Floren- 
tine  Exp.  p.  77.  Rlagdcn  on  the  Congelation  of  Aqueous  Solutions,  Ph.  Tr.  1788, 
p.  277,  Hope.  Ed.  Tr.  t.  079.  Gome  sabstMMSS  oontract hi  ftsesiag » see  Dsspnta, 
in  Fogg.  Ann.  zii.  498. 

t  §M  Ksgden,  Fb.  TV.  1768,  p.  125 ;  Wdher,  iUd.  1788,  p.  399. 
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tity  of  heat  di%|ipear8,  except  some  cases  in  which  a  chemical  decomposi- 
tion has  nrrcnnjmnif"?  the  rhstn^p  ;  t?iii«»,  in  the  (Iet/>nation  of  ijunpowiTer,  a 
lars-e  quantity  of  gas  a(M{iiirc»  the  state  of  elasticity^  Imt  at  the  same  time  m 
great  degree  of  heat  is  produced. 

The  effects  of  the  expansion  of  boilieti  by  beat^  and  of  th^r  contraction 
by  cold,  an  obiamd  in  Ike  fn^eai  aoeldtiiti  tiftk^  Inppeii  to  glaai  aod 
♦o  poawfthiitftwtt  s  wtddw  diinigt  ol  tuipgwitiufc  GiissMiidfictilMflit  so 
•kvwly,  thai  ona  ddo  of  a  tmnI  mtf  bwaow  much  httittd,  and  fcome- 
queBtly  expttnM,  wbile  the  other  remains  much  cold^,  and  if       \  r  -  -  ! 
cannot  readily  accommodate  itR  form  to  this  change  of  proportions,  it  wiU 
most  comm  inly  crack,  the  colder  part?*  'liv^ding,  in  consequonrf  of  their 
heing  too  much  '^trrtchpfl  hythe  adjoining  hotter  parts.    Hence  tin'  tliiniT^r 
the  glass  iM,  th'  It     liable  it  is  to  crack  from  any  sudden  expautiit)ii ;  and 
if  it  be  very  thick,  however  simple  its  form  may  be,  it  wiU  still  crack  ; 
for  ftoflexofe,  tvliidiH  eaaaamiM,  cwbesnffideiit  for  th«  eqvQIbrfuni 
of  thftttlernalpBiiBirithovtbeiQgtoognatfttl^    tin  parte  near  the 
middla. 

When  gltm  in  fodon  is  Tciy  suddenly  cooled,  its  external  parts  become 
solid  first,  and  determine  the  magnitude  of  the  whole  piece ;  while  it  still 
roTnain«»  fluid  within.  The  internal  part,  it  cools,  is  disposed  to  contract 
still  further,  ]>\ii  its  contraction  is  prevented  by  the  resistance  of  the 
exUnial  part«»,  wliLeh  form  an  arch  or  vault  round  it,  so  that  the  whole  \<i 
l«ft  in  a  state  of  constraint ;  and  as  soon  as  the  eqniUbrium  is  disturbed  iii 
say  sae  part,  ths  ivkols aggregate  Is HeneeU  bscomssnMesaaiy 
to  anneal  all  glai^  by  pladng  it  in  an  oven,  wheM  It  b  kft  to  eool  elowlj ; 
for,  irilliocit  this  preeaution,  a  vsij  digfat  eanes  wcnld  deettoy  tt.  THb 
Bokgna  jan^  sometimes  called  proofs,  ais  email  thick  veeeel^  made  for 
the  purpose  of  exhibiting  this  eflfect ;  they  are  usuaHy  dertroyed  by  the 
impnlw  of  a  small  and  sharp  hofly,  for  instance  a  single  grain  of  sand, 
dropped  into  them ;  and  a  small  hody  appears  to  he  often  more  effectual 
than  a  larger  one ;  perhaps  because  the  larger  one  is  more  liable  to  strike 
the  glass  with  an  obtuse  part  of  its  surface.  In  the  same  manner  the 
glass  drops,  sometimM  eaUed  JP^ca  Riq^*e  drops,  whlA  afs  ftimed  by 
saflfaring  a  porti«m  of  giaen  gjsss  in  fanon  to  ftll  into  water,  xemain  in 
equilibrium  whOs  they  are  entire;  but  when  the  small  progeeliiig  part  Is 
brdcm  off,  the  whole  rushes  together  with  great  foiee^  and  rebounding  by 
its  elasticity,  exhibits  the  effect  of  an  explosion.  The  ends  of  these  drope 
may,  sometimes,  but  not  always,  he  gradually  ground  oflF without  destroy- 
ing them,  m  that  the  concussion  pmduced  by  breaking  the  drop  seems  to 
he  concernetl  in  the  destruction  of  the  equilibrium.* 

Hie  tempering  of  metals  appeare  to  bear  a  considerable  analogy  to  the 
aOMaMng  of  glass ;  when  tfiey  are  made  red  hot,  and  enddenly  cooled,  Ihey 
•aqnipe  a  grent  degree  ef  hifdtiew,  which  rendem  them  proper  for  soue 
purposes,  while  the  hriWoMSS  which  aoeonpaaiee  it  would  beinesnrenleBt 
for  otheia.  By  heating  them  anein  to  a  nmre  moderato  temperatore,  and 

*  Hooke's  Mierog.  Bruni,  Ph.  Tr.  1715,  p.  272.  Watson,  ibid.  1716,  p.  505. 
Lecat,  ibid.  1749,  p.  179.  Hanow,  Tenradw  salt  den  Spriag-KolbdMa,  4to,  Dm. 
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irufferinq'  them  to  cool  nwrv  Lrriuluallv,  tlirv  are  renderetl  nofUT  aiiti  more 
flex^ible,  and  tht?  in(»re  a>  the  heat  which  w  tliut>  applied  is  the  more  consi- 
derable. [The  oxidj  which  forms  itself  on  the  surface  of  polished  iron  or 
steel,  serves  as  a  t«6t  of  Uie  degree  of  heat  which  is  applied  to  it,  the  yellow- 
iah  ooloiir  wlUdi  H  mmaaam  indietting  Hm  inl  itage  of  tempering,  tht 
-Holefc  the  noond,  and  the  blue  Hm  Uei ;  and  if  the  hui  be  raM  till  the 
miTfimbeooine8grey,tluitodwiUbeniideNdp«if«eC]jr0^  Thedensity 
of  metab  ia  alio  %  lilflt  tncraaied  hyimofmiag  tham,  pr»taMy  iortha  wma 
aaaaoo  aa  valar  ia  aaoia  dmae  than  ka.  In  iHial  mmUmr  tfia  vneqnal 
diatfUmlion  of  the  nmtual  aattona  of  the  paitidai  of  bodies  contributes  to 
inciaaaa  their  hardness,  mTuiot  be  very  positively  ascertained^  altiKMiigil 
aome  conjectures  might  be  formed  which  would,  perhaps  be  in  eome  mea- 
sure explanatory  of  the  fact^^  t  hnt  it  is  safer,  in  the  present  state  of  our 
IcTinwleflirp,  to  he  contented  with  tracim»  the  annloiry  lietweon  these  eft'ects 
in  suttstuiues  of  ditii-refit  kinds,  imd  under  ditierent  i  i rcumst.nnrefi,  withoirt 
littt  nq  tiiiLc  ti>  uiideDitand  completely  the  immfdiatft  operation  of  the  forces 
which  are  concerned. 
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ON  TBB  MEASURES  AND  THE  NATURE  OF  HEAT. 

The  principal  particulars  conoeming  the  origin,  the  progress,  and  tli0 
effects  of  he&t,  haying  been  noticed  in  tlie  last  lecture,  we  now  proceed  to 
•nmiiiis  the  Buwt  wnal  modef  of  mMflming  its  degrees  and  Us  qosntityv 
and  to  inquirs  Into  ths  most  probsUs  opinions  isspeotiiig  its  Intimato 
nstan  said  ito  immediato  opontion. 

Tbs  expsoiioil  of  solids  is  measared  by  a  pjroiiiotor,  which  u  oalenlated 
for  rendering  the  smallest  change  of  dimensions  perceptible  either  by 
mechanical  or  by  optical  mean's.  The  first  of  these  methods  was  adopted 
by  ihoee  who  first  investigated  these  effects  ;  a  bar  of  metal  being  placed 
in  a  vessel  of  water  or  of  oil,  which  was  heated  by  lamps,  whik  the  extre* 
mities  of  ths  bar  were  in  contact  with  a  fixed  point  on  one  side,  and  on  ttis 
othsr  with  a  ssriss  of  lena,  whidi  smhiplisd  ffaa  siqiansioiis  so  sa  to 
TCndsr  tiwm  sasUy  ol)aembl0  bj  msans  of  ths  snd  of  tlw  lost  Ism,  sorr^ 
aa  an  indsx.  Bat  it  is  obTioos  that  the  so^anaion  of  llie  fixed  part  of  tlia 
instmment,  and  ths  imgular  changes  of  temperature  of  the  levers  them- 
selves, must  very  much  interfere  with  the  accuracy  of  such  an  instrument. 
A  much  more  correct  mode  of  determination  is  to  employ  two  microscopes^ 
fixed  to  an  apparatus,  which  is  always  kept,  by  means  of  ice,  at  a  constant 
temperature,  and  to  observe  with  a  micrometer  the  change  of  place  of 
sithsr  snd  of  flw  bsatsd  bar. 

For  such  purposes,  the  degress  of  hsat  may  bs  ascsrtalnsd  bj  tfaa 
nataxal  msaanrss  of  ths  fiasaing  and  boiling  pointa  of  osiiain  liquidi^  and 
9t  treter  in  pavtiotdar ;  but  for  subdividing  ths  inlarvals  between  thoe 
p(totS|  other  means  must  be  employed.  The  most  natural  mode  of  deters 
mining  the  intermediate  deirrees  of  heat,  which  must  He  considered  as  the 
standard  for  the  comparisrtn  of  all  otlu  r-^,  is  too  laHorious  and  mmphcated 
for  common  use.  If  ^ve  mix  togetiier  equal  > juuntities  of  the  siluk  liquid 
at  two  diiferent  temperatures,  they  will  obyiously  ac(j[uire  an  intermediate 
tsmpsmtura^  wUsh  is  ths  natural  mean  between  tiie  separate  tempentoiei^ 
providsd  tiiat  no  heat  bs  lost  w  gainsd  dozing  the  process ;  and  providfld 
that  no  iiMgolarity  bs  produosd  htm  tiis  approach  of  ths  liqvid  to  a  slats 
of  oongelation,  ths  sodstance  of  which  might  bs  dstseted  bj  a  oompaiison  of 
experiments  on  varions  liquids  at  the  same  temperatotas.  Bjr  lapsatitig 
the  opf  ration,  we  may  mihdivide  the  intervals  an  often  as  we  please,  or  we 
may  mix  the  liquids  in  any  other  proportion,  so  as  to  obtain  at  once  any 
other  point  of  the  scale,  which  may  afterwards  be  identihed  by  a  thermo- 
meter of  any  description. 

Ulan  ia  dso  anotlier  method  of  comparing  ths  divinons  of  a  thsraumste 
wUh  thoss  of  ths  natual  soslSy  but  it  is  not  wholly  fn%  from  ol^MliooB; 
ths  instnunsnt  bring  placsd  in  a  eons  of  ths  son's  zayi^  mads  to  convsigs 
by  maans  of  a  Isna  or  minor,  tha  quantity  of  hssA  ftUing  on  it  most  be 
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nearly  in  the  inverse  proportiuu  of  the  square  of  its  distauce  from  the 
focus  ;  and  the  elevaUou  of  a  common  thermometer  appears  to  be  nearl/ 
proportional  to  the  heat  wliich  is  tlirown  on  it  iu  this  manner. 

The  expansion  of  solids  probably  approaches  the  nearest  to  the  steps  of 
th*  naftnnl  lealfl,  ■Ithoughevin  In  this  thevo  teems  to  be  some  ineqnslity ; 
but  that  of  mercury  is  sosrcdj  lees  icgidar,  and  a  portion  of  mMOOiy 
indoaod  in  a  bulb  <tf  fpamt  having  a  iine  tnbe  oonaeoted  with  ii^  forms  a 
tkaniiomeler  the  most  eoBTenieat^  and  most  probably  the  most  aoennkte^  of 
may,  for  oommon  use ;  the  degrees  oorreepoadiug  veiy  nearly  with  thoee 
of  the  nattual  scale*  althoogh,  according  to  the  most  aoenrate  experiments, 
they  appear  to  indicate,  towards  the  middle  of  the  common  scale  of 
Fahrenheit,  a  temperature  2  or  3  degrees  too  low.   There  is  an  inequality 
of  the  fsame  kind,  but  still  greater,  in  the  degrees  of  the  spirit  thermometer  ; 
and  tln«  instntincnt  has  nhn  the  disadvantage  of  beinu:  liable  to  burst  in  a 
heat  below  that  of  bniliiiLr  ^^  ato^  ;  although  it  is  well  caleuiated  for  the  mea- 
surement of  very  low  Wuiperatures,  since  pure  alcohol  has  never  yet  been 
frozen,  while  mercury  has  been  reduced  to  a  solid  hy  the  cold  of  Siht  ria 
and  of  iludiion's  Bay  ;  but  both  mercury  and  iinseed  oil  support  a  heat  of 
between  6  and  600^  without  ebullition.   For  higher  temperatures  than 
ihi%  a  thermometer  has  been  msde  of  semitrsnsparent  poroelainy  eontaining 
a  fbsibls  metal,  whioh  may  be  compared  with  the  upper  part  of  the  mercn- 
rial  sesle>  and  then  oontinned  further;  and  the  expannon  of  such  of  the 
netalay  as  aio  diffieult  of  liision»  affords  saother  mode  of  determining  the 
highest  degrees  of  heaL  Mr.  Wedgwood's  thermometer*  deriyes  iti  proper- 
ties from  the  contraction  of  a  small  brisk  of  prepared  clay,  which  contracts 
the  more,  as  the  heat  to  which  it  is  exposed  is  higher :  it  may  be  extremely 
useful  for  identifying  the  degree  of  heat  which  is  required  for  a  particular 
purpose  :  but  for  the  comparison  of  temperatures  by  an  extension  of  the 
numerical  >rale,  we  have  not  suthcient  evidence  of  its  accuracy  to  allow  us 
to  depei^ii  on  it«  indications  ;  and  it  is  scarcely  credible  that  the  operation 
of  fum;i(  (-^,  uf  any  kind,  can  produce  a  heat  of  so  many  thousand  degrees 
of  a  natuiiil  scale,  as  Mr.  Wedgwood's  experiments  have  led  him  to  sup- 
pose ;  nor  is  the  supposition  consistent  with  the  observations  of  other 
philoeophera. 

Mercsiiial  thsmiomislers  ars  in  general  hermetlcsUy  sealed,  the  tabs 
being  perfectly  closed  at  the  end,  in  order  to  exdude  duit|  and  to  prevent 
the  disupation  of  the  mereury.  When  a  standard  thermometer  is  to  bs 
a^jsited,  ite  Inesiiig  point  is  readily  fixed  by  immereing  it  wholly  in 
mdUng  snow  or  pounded  ioe ;  but  for  Uie  boiling  pointy  some  fdrther  pre- 
cvriiioiis  are  required ;  the  eadest  method  appears  to  be^  to  immeree  its  bulb 
in  in  open  vessel  of  boiling  water,  to  cover  it  with  sererai  folds  of  cloth, 
and  to  pour  hot  water  continually  over  it ;  for  if  it  were  immersed  to  a 
considerable  depth,  the  pressiire  would  raise  the  temperature  of  the  boiling 
point,  ajid  if  it  were  not  covered,  the  mercury  in  tbr  tiihr  would  be  too 
cold.  Attention  must  also  be  paid  to  the  state  nf  tht-  barometer  ;  it  must 
either  stand  at  30  inches,  or  the  place  of  the  boilinpf  point  mu.st  l>e  raised, 
when  the  barometer  is  lower  than  30,  and  Ir.u  ered  when  it  is  higher  ;  the 

*  Ph.  Tr.  1782,  p.  305;  1784,  p.  358;  1786,  p.  390. 
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dilftfeaoe  of  nine  tentlis  of  an  inch  oltliir  wty  foqniring  an  illewHoa 
amoimting  to  of  fho  intemil  botwotn  fwtiing  and  boiling.  TUt 
interral  ia  iubdivided,  in  Fahrenheit's  thennom0t«r»  into  180  d^rees  ;  in 
R^nunur*8,  into  80,  and  in  the  centigrade  thermometer  of  Cdsius  and  of  the 

French,  into  100  ;  and  in  makiii;;  the  subdivision,  care  mnst  he  taken  to 
examine  the  equality  of  tlie  bore  throng^hout,  hy  observing  the  Iciii^th  oecu- 
])ictl  hy  a  Jetaehed  portion  of  mercury,  aiid  to  allow  for  any  irreguiarities 
whicli  may  have  been  thus  detected.  The  scales  of  iieaumur  and  of  Celsius 
begin  at  the  freezing  point  of  water ;  but  in  that  of  Fahrenheit  the  freezing 
pdnt  stands  at  92*,  the  scale  bciginning  from  the  eold  prodnoed  hy  m 
freeshig  mixtiii«>  which  was  supposed  bjr  EUuenheit  to  be  the  grestewt 
that  would  ever  ooenr  in  nature. 

Tile  expansion,  which  is  obaevred  in  a  meroorial  thermometer,  is  in 
reality  only  the  difference  of  the  expansions  of  merctiry  and  of  glass  ;  but 
thiscircuuwtjinco  produces  no  difference  in  the  accuracy  of  the  results.  The 
separate  effeelK  of  the  expansion  of  jxlass  are,  however,  sotnetimes  j>er- 
ceptible  ;  thus,  when  a  thermometer  is  plunged  suddenly  int  >  hot  water, 
the  glasSy  being  first  heated,  expands  more  rapidly  tiuw  tlic  mercury,  and, 
for  •  momsnt,  the  thennometer  ftdhu  lliis  drennstanes  wmtld  perh&p& 
be  still  more  obeenreble  in  a  thennometer  of  or  of  water;  Ibr  tm 
equal  bulk  of  these  liquids  would  be  much  longer  in  aequfring  tlie  tempe- 
rature of  the  tnmnnding  medium  than  a  moKuriil  thermometer. 

The  aqpansion  of  elastic  fluids  affords  in  some  cases  a  test  of  heat,  whiciii 
is  very  convenient  from  its  great  delicacy,  and  becfinne  a  very  small  quan- 
tity of  hpfit  in  ^nffirient  to  raise  their  tt-niperature  very  considerably.  The 
thermometer  tirst  invented  by  Drel»el  was  an  air  thermometer  ;*  but  instru- 
ments of  this  kind,  when  they  are  subject  to  the  variations  of  the  pressure 
of  the  atmosphere  as  well  as  to  those  of  its  temperature,  are  properly  called 
manometers,  and  requiroi  for  enabling  us  to  em]doy  them  as  thennemefesr% 
a  comparison  with  the  barometer;  while  on  the  other  hand,  Ihej  maj  be 
need  aa  barometers,  if  the  temperature  be  otherwise  ascertained.  They  are 
however,  very  useful  even  without  this  comparison,  in  delioaleexpeffimenta 
of  «hort  duration,  since  the  changes  of  the  barometer  are  selddbi  very 
ra|ii(i  ;  and  they  may  also  be  wholly  freed  from  the  effects  of  the  pressure 
of  tile  utiin  sphere,  in  variuus  ways,  Bi  rnoulii's  methodt  consists  in  cU'sinc^ 
the  bulb  of  a  common  baromettir,  so  oh  to  leave  the  column  of  mercurv  lu 
equilibrium  with  the  air  contained  in  the  bulb  at  its  actual  temperature, 
and  capable  ot  indicating,  by  the  changes  of  its  height  and  of  its  pressure 
any  snbssquent  chaoges  in  the  temperature  of  the  air,  which  muet  affBet 
both  He  bulk  and  its  elasfclcilj.  Mr.  LesUe^s  photometsr^  or  diffnential 
thermometer,  has  some  advantages  over  this  instmment,  but  it  can  only  be 
employed  where  the  changes  of  temperature  can  be  eonfioed  to  a  part  only 

*  The  Invention  It  dalined  fiir  Dnbd,  bjr  BoSibaafe^Ienu  CInaihe.  2  vols.  4lo, 

JAizd.  1732,  i.  152),  and  by  Masschenbroek  (Elem.  Phil.  Nnt.  ?  :80^  ;  whereas 
iSantorio  claims  it  as  his  own  (Comm.  in  Avicennam,  1626),  and  his  claim  is  sap- 
ported  far  edm.  See  Mvtine'B  Essays.  Bdin.  1787.  sad  Dr.  MB*s  IbeisMMe 
terend  Pyromrtrr.  TJh  of  Useful  Knowledge. 

t  Segner,  De  ^uamiis  Thermometris  Aehs.  4to.  Gott.  1739. 

X  Ob  Reit  j  and  Mieh.  Jeer.  Hi.  4il,  ftl8. 
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of  tiie  iiuitruuient.    The  elasticity  of  the  air  contained  in  the  bulb  is  here 
oot&nteractedy  not  by  th»  pressure  of  a  column  of  mercury,  bui  by  the  el&^- 
^ifiitj  of  unotbn  poftka  of  air  in  &  aeoond  bulb,  whioii  is  notto  be  exposed 
to  tha  hmt  or  eold  thai  is  to  be  axaminad :  and  tlia  diflSmnoo  between  the 
taa[p«ntef«a  of  the  two  bnlbs  is  iadieatod  by  the  pkoeof  adiopof  a  liquid, 
moving  fiealy  in  the  tnbe  which  joins  then.  (Plate  XXXIX.  1%.  618... 

Thie  d^gne  of  heat,  as  asesrtained  by  a  thennomeler,  is  only  to  be  eon- 
nidend  as  a  xelation  to  the  snnonnding  bodies,  in  virtue  of  which  a  body 
supports  the  equilibrium  of  temperatore  when  It  is  in  the  neighbourhood  of 
bodies  equally  heated  :  thus,  if  a  thermometer  stands  at  60°,  both  in  a 
ve^el  of  water,  and  in  another  of  nipmiry,  we  may  infer  that  the  water 
and  the  merrury  may  be  mixed  without  any  chuiiL^e  of  thrii  tt ni])tTatur»'i  : 
but  tlie  absolute  iiu;iiitity  of  heat,  coutaine<l  in  r(|ual  weiL'hts,  or  in  equal 
bulks,  of  any  two  Uoiiies  at  the  same  temperature,  is  by  no  means  the  same. 
Thus,  in  order  U>  raise  the  temperature  t)f  a  pound  of  water  from  60°  to 
€0^y  we  need  only  to  add  to  it  onoUier  pound  of  water  at  70P,  which  while 
U  loaia  10^  of  its  own  heoil»  will  oommunicate  1<F  to  tha  fint  pound ;  but 
the  tempeiature  of  n  pound  of  mercury  at  ISffi  may  be  raised  l<P>by  means 
of  the  heat  imparted  to  it»  by  mixing  with  it  one  thivtiefth  pari  of  a  pound 
of  water,  at  the  same  temperatnre  of  70^.  Heaoe  we  deiita  the  idea  of  the 
capadtieeof  dilieient  bodiea  for  heat^  which  was  flisi  iiggested  by  Dr. 
Irrine^*  the  eapaoi^  of  mereoiy  being  only  ahont  one  thirtieth  part  as 
great  as  that  of  water.    And  by  similar  experiments  it  has  been  ascefw 
tained,  that  the  capacity  of  iron  is  one  eighth  of  that  of  water,  the  capacity 
of  silver  one  twelfth,  and  that  of  lead  one  twenty-fonrth.    But  for  equal 
hulks  of  th^  different  substances,  the  disproportion  i-^  not  quite  so  great : 
thus,  copper  contains  nearly  the  same  quantity  of  heat  in  a  civcn  bulk  as 
water ;  in  ii,  brass,  and  i^old,  a  little  lees,  sUver  ^  as  much,  but  lead  and 
glass  each  about  oiu  half  only. 

It  is  obvious  thai  if  the  capacity  of  a  body  for  heat,  in  this  sense  of  the 
word,  were  suddenly  changed,  it  would  immediately  become  hotter  or 
eolder,  aoeordfaig  to  the  nalue  of  the  change,  a  diminntaen  of  the  oapaei^ 
piodncing  heat,  and  an  angmentation  cold.  Sooh  a  ohaatge  of  opacity  is 
often  n  oonTsnlent  mode  of  lepreasntation  lor  some  of  the  sooieaa  of  heat 
and  eold :  thn^  when  beat  ia  pmdneed  1^  the  condensation  of  a  vapowr, 
or  by  the  oongriation  of  a  Bquid,  we  may  inagfam  that  the  capacity  of  the 
substance  is  diminished  ;  and  that  it  overflows,     a  resael  would  do  if  its 
dhaeneiona  were  contracted.  It  appears  also  from  direct  experiments,  in 
some  such  cases,  that  the  capacity  of  the  same  substance  is  actually  greater 
in  a  liquid  than  in  a  «»nlid  state,  and  in  a  state  of  vaponr,  than  in  either  ; 
snd  both  Dr.  Irvine  nnd  Dr.  Cia\vfoi-d  t  Imvo  attempted  to  detluce,  from  a 
comparison  of  tlie  proportional  rapacities  of  water  and  ice,  with  the  quan- 
tity of  lieat  extricated  during  congelation,  a  nteasure  of  the  whole  heat 
which  is  coutauicd  in  these  substances,  and  an  estimation  of  the  place 
which  the  absolute  privation  of  heat,  or  the  natural  zero,  ought  to  occupy 
in  the  scale  of  the  thermometer,  ^ua,  when  a  peond  of  ice,  at  i)2^,  is 

O  Chemical  Essays.  f  On  Aiiiatai  Hrat,  &c.  2i)d  edit.  1788. 
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mizad  witti  a  poaad  of  water  at  171^  of  Falucnhcil^  tiift  wliala  esoMs  of 
140^  is  absorbed  in  the  conversion  of  the  ice  into  water,  and  the  mixtUTO  ta 
reduced  to  the  temperature  of  32^ ;  and,  on  the  other  hand,  when  a  pound 

of  ice  freezes,  a  ccrt-jvin  quantity  of  heat  is  evolved  which  is  probably 
capable  of  raising  the  temperature  uf  a  puiind  of  water  140°,  or  that  of  1  40 
pounds  a  single  dea^ree.  Dr.  Crawford  found,  by  means  of  other  experi- 
nientSy  that  a  (j^uautity  of  heat  cupabie  of  raising  the  teu)|)erature  of  water 
tf>  w<niM  lalte  tiuit  of  ioeas  much  m  10^ :  henoe  he  iafiamd  flist  tlw  cap»- 
dtj  of  -  ice  wu  <|V  m  greet  ae  flutt  of  water,  end  tliat  if  tiiia  capacity, 
instead  of  being  tedueed  to  <A»  been  wbdly  destroyed,  llie  qvaatlty  of 
heat  extricated  wonld  have  been  10  times  as  great,  or  about  1400^,  which 
has,  therefore,  been  considered  as  the  wliole  quantity  of  heat  contained  in  a 
pound  of  water  at  .32°,  and  the  beg^nnitif'  of  the  natural  scale  has  been 
placed  about  l.%8°  below  the  zero  of  Faiirenheit.  Dr.  Irvine  maV:f»s  tlte 
capacity  of  ice  still  les^s  considerable,  and  places  the  natural  zero  about 
900  degrees  below  that  of  Falkreoheit. 

If  direct  experiments  on  the  qnantities  of  heat,  required  fur  prodacin^ 
certain  devations  of  temperataie,  in  diffnent  states  of  the  same  sabstanee^ 
«ompand  in  this  manner  with  the  emission  or  absorption  of  lisat  wbieh 
tailne  plaoe  while  those  changes  are  periltnmed,  agreed  with  similar  experi- 
ments made  on  different  substances,  there  could  be  no  objection  to  the 
mode  of  representation.  But  if  it  should  appear  that  such  comparisons 
frequently  present  us  with  contradictory  results,  we  could  no  loii-rcr  con- 
sider the  theory  of  capacities  for  heat  as  sufficient  to  ex]»!ain  the  pliujuj- 
mcua.  With  respect  tu  the  simple  changes  constitutiug  cuageiuLiuu  and 
fiquefaefeion,  eoadeasatSoti  and  evaporation,  anS  eomprBsrion  and  mnUiMim, 
there  appeeisto  be  at  pressnt  no  evidence  of  the  insollioiencgr  of  this  theoij; 
it  has  not  periiaps  yet  been  diownthat  the  heat  absorited  in  any  one  change 
is  elways  precisely  equal  to  that  which  is  emitted  in  ikt  return  of  the  sub- 
stance to  its  former  state,  but  nothing  has  yet  been  advanced  whidi  renders 
this  opinion  improbable  ;  and  the  estimation  of  the  natural  zero,  which  is 
dedu(  (d  frftin  this  doctrine,  may  at  least  be  oonudered  as  a  tolerable 
approxiinitiiuii. 

If,  however,  we  attempt  to  deduce  the  heat  produced  by  friction  and  by 
comlmsUon,  from  changee  of  the  eapadtiee  of  bodies  thos  estimated,  we 
ftnd  that  the  comparison  of  a  very  few  fbets  is  sufficient  to  demonstrate  the 
imperfection  of  sadi  a  tiieosy.  Connt  Romfosd*  found  no  ssndUe  diflbr- 
ence  between  the  capacities  of  sofid  iron  and  of  ite  diips ;  but  if  we  even 
suppose,  for  the  sake  of  the  argument,  tliat  the  pressure  and  friction  of  the 
borer  had  lessened  the  capacity  of  the  iron  one  twelfth,  so  as  to  make  it  no 
greater  thnn  thtit  of  copper;  'vvc  shall  then  find  that  one  twelfth  of  the 
absolute  iieat  of  the  ciiips,  tha^  abraded,  must  have  amounted  to  above 
60,000  degrees  of  Fahrenheit,  and  consequently  that  tin  imlural  zero  ought 
to  be  placed  above  700,000  degrees  bdow  the  fneaing  point,  instead  of  I4er 
1500  only.  It  is^  theiefore,  imposdble  to  suppose  that  any  alteration  ef 
eapadtiee  can  account  for  tlie  produetioii  of  heat  by  friction ;  nor  is  it  at 
all  eader  to  apply  Uiis  Uieoiy  correctly  to  the  phenomeiia  of  combnstisn* 

*  ni.1V«  1796,p.80. 
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A.  pound  of  nitre  couUins  alnua  half  its  weight  of  dry  acid,  and  the  caps- 
city  of  the  acid,  when  diluted,  is  little  more  than  half  as  great  a«  that  of 
water  ;  the  acid  of  a  pound  of  nitre  must  therefore  contain  le^  heat  than 
a  q^uartcr  of  a  pound  of  water :  hut  Lavoisier  and  Laplace  have  found,*  that 
the  deflagration  of  a  pound  of  nitre  produoei »  qoantity  of  hMt  iofficient  to 
melt  1 2  pounds  of  ioe,  eonaeqnently  the  heat  eztrieated  by  the  decomposition 
of  a  ponndof  dry  nitronsMid  must  be  eoffidenttomelt  Siponnda  of  ioe;  end 
evtei  mppoeiqg  the  gaaee,  eactiieetfld  dnring  the  deflagretbn,  to  absorb  no 
more  heat  than  the  charcoal  contained^  wbieh  le  for  eoTeral  reasons  hi^y 
Improbable,  it  follows  that  a  pound  of  water  ought  to  contain  at  least  as 
much  heat^  as  would  be  soffioient  to  melt  48  pounds  <^  icc^  that  is  about 
6720  degrees  of  Farenheit. 

In  short,  the  further  we  pursue  snch  crilculations,  the  more  we  shall  l>e 
convinced  of  the  inipossiliiiity  of  applying  them  to  the  plienomeua.  In 
such  a  case  as  tliat  of  the  nitrous  acid,  Dr.  BlH«  k'M  term  of  latent  heatf 
niight  be  thought  applicahle,  the  heat  being  supposed  iu  he  contained  in  tiie 
substance,  without  being  comprehended  in  the  quantity  required  for  main- 
taining its  actual  temperature.    But  eveu  this  hypothesis  is  wholly  inappli- 
cable to  the  extrication  of  heat  by  friction^  where  all  the  qualities  of  the 
Bubataaoee  eonoemsd  remain  preeiBsly  the  Hune  after  the  operation  as  befiue 
IL   If  any  further  argument  were  required  in  eonfiitation  of  the  opinion^ 
that  the  heat  ezeited  by  Irietion  is  derived  limn  a  change  of  capamty,  it 
might  be  olitained  ham  Mr.  Davy's  experiment  on  the  mutual  ftietion  of 
two  pieces  of  iee^  which  converted  them  into  water,  in  a  room  at  the  tem- 
perature of  the  freesing  point:  for  in  this  case  it  is  undeniable  that  the 
capacity  of  the  water  must  have  been  increased  during  the  operation ;  and 
the  heat  produced  could  not,  thevefon^  liave  been  ooeasioned  by  the  dimi- 
nution of  the  capacity  of  the  ice. 

This  discussion  naturally  lea<ls  ustoan  examiuatioi)  of  tlie  various  theories 
which  have  been  formed  re^pfctiTi-^  thf  intimate  nntun  of  heat;  a  subject 
upon  which  the  popular  upiuion  seums  to  have  l»eeu  iately  led  away  by  very 
superficial  considerations.    Ttu  f.iciiiLy  with  wl^gli  the  mind  couceiveii  the 
existence  of  an  mdependeiit  bubstance,  liable  to  no  material  variation^ 
except  tiiose  of  its  quantity  and  distributbn^  especially  when  an  appro- 
piiete  name,  and  a  place  in  the  order  of  the  simplest  elements  has  been  . 
bMtowed  on  it,  appears  to  have  caused  the  moet  eminent  chemical  philoeo- 
pheis  to  overlook  some  insupnabls  difficulties  attending  flie  hypotheda  of 
csloitc.  Gblorio  haa  been  considered  as  a  peculiar  dastic  or  ethereal  fluid, 
pervading  the  substance  or  the  pores  of  all  bodies,  in  difltBrent  quan- 
tities, according  to  their  different  capacities  for  heat,  and  according  to 
thsir  actual  tempeiatnrse ;  and  being  transferred  from  one  body  to  another 
upon  any  change  of  capacity,  or  upon  any  other  disturbance  of  the  equi- 
librium of  temperature :  it  lins  hInj  been  commonly  supposed  to  be  the 
general  principle  or  cause  of  repulsion  ;  find  in  its  passage  from  one  body 
to  another,  by  radiation,  it  has  been  imagined  by  some  to  flow  in  a  con- 

•  Hist,  ct  mm.  1780,  p.  355,  H.  3. 

i  Black's  Leotares,  2  vuis.  4to,  £d.  See  Lavoisier, Traite  Elem.  de  Cbimie,  1789. 
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tmiifd  iCnm,  and  hy  otlwn  in  tlw  f om  of  Mpanie  pttlidM^  moflnag,  witfc 
iocoocel'fabte  vdodt jr^  ai  gnat  djrtancf  from  oach  oUiir. 

The  cmmmstanoes  whidi  haYie  been  already  slated  teepediiig  tiie  piods^ 
ti<m  of  heat  by  friction,  appear  to  afford  an  nnansweraMe  eonftitation  of 

the  wh(jle  of  this  doctrine.  If  the  heat  is  neither  received  from  the  surmnnd- 
ing  bodies,  which  it  cannot  be  without  a  deprespiou  cf  thptr  tf  nipAr'',tTi  re. 
nor  derived  from  the  quantity  already  accuuiulate<l  iti  tlie  bodies  themseive*, 
which  it  could  nut  l>e,  even  if  their  capacities  were  (iiininished  in  any  ima- 
ginable degree,  there  is  no  alternative  but  to  allow  that  heat  must  be  actu- 
ally gMierated  by  fricti<m;  and  if  it  is  geu^tted  out  of  nothing,  it  cannot 
be  matter,  nor  tton  an  immaterial  or  ewBimaterial  enbelanoe.  Tiie  ooQ*- 
teial  parte  of  the  tlieoiy  have  aleo  &dr  sepazale  diffieoltice :  tlin%  if  beai 
were  the  general  prituiple  of  repulsion,  its  augmentation  could  not  diminiah 
the  elasticity  of  solids  and  of  fluids ;  if  it  constituted  a  continued  fluid,  it 
could  not  radiate  freely  through  the  same  space  in  diflerent  directions  ; 
and  if  its  repulsive  j  artu  les  followed  each  other  at  a  distanrt\  tliey  woulcl 
still  a})])roach  near  eiiuugh  to  each  ofJiier,  in  the  focus  of  a  burning  glass,  to 
have  their  motions  deflected  from  a  rectilinear  direction. 

If  lieat  is  not  a  eubetanee  It  mnet  be  a  quality ;  and  this  qnaUly  can  only 
be  motion.  It  was  Newton's  opinion,  that  heat  ooMiste  in  a  mlnnte  viiifl»- 
toiy  motion  of  tliepartioieB  of  bodies^  and  flmt  llus  motion  is  eonmnidcatod 
through  an  apparent  vacuum,  by  the  nndnlations  of  an  elastie  medlnm, 
which  is  also  concenied  in  the  phenomena  of  light.  If  the  arguments 
which  have  been  lately  advanced,  in  favour  of  the  undulntor\'  nature  of 
light,  be  deemed  valid,  there  will  be  still  stronger  reRwuis  for  admittin-  tliis^ 
doctrine  respectinp  heat,  and  it  will  only  be  necessiiry  to  suppose  the  vibra- 
tions and  luiiiulations,  principally  constituting  it,  to  be  larger  and  stronger 
than  those  of  lights  while  at  the  same  time  the  amallsr  Tibialionaof  light, 
and  even  the  blackening  rayi^  derived  from  still  moie  minute  vlbiationi^ 
majf  pwhapa^  when  snflidenfiy  condensed,  ooncur  in  producing  the  eieete 
of  heati  The^e  effects,  beginning  from  the  blackening  rays,  which  are  in* 
TisiUs^  am  a  littie  more  perceptible  in  the  violet,  which  Htill  ]>osi$ei»  but  a 
faint  power  of  illumination  ;  the  yellow  green  afford  the  most  light ;  the 
red  give  less  li^j-ht,  btit  miich  more  hpp.t,  while  the  ^'till  Innjer  nnd  Ic*'  fre- 
quent vihratiort.s,  wbicli  have  no  effect  on  thr  scust'  of  sight,  may  be  huj>- 
poeed  to  give  rise  to  the  least  refrangible  rays,  and  to  constitute  invisible 
heat. 

Itiseasyto  fanagine  that  such  vihralions  may  be  eaicited.  in  the  component 
parts  of  bodie%  \>y  pensnssioQ,  by  friction,  or  by  tto  deetnictieii  ef  the 
equilibrium  of  cohesion  and  lepnlaion,  and  by  a  duuigo  of  the  conditions 

on  which  it  may  be  restored,  in  consequence  of  combustion,  or  of  any  other 
chemical  change.  It  is  remarkable  that  the  particles  of  fluids,  which  are 
incapable  of  any  material  chan^r^*  tcmpcrriture  from  mutual  friction, 
have  alHo  very  little  pow^er  of  communicating  heat  to  each  other  hy  their 
immediate  action,  so  that  there  may  be  some  analogy,  in  thb  respect, 
between  the  communication  of  heat  and  its  mechanical  excitation. 
"tht  eieete  of  Imt  on  the  cohesive  and  vepulsivie  powws  ef  bodies  have 
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Bumeii Tries  been  referred  to  the  centrifugal  forces  and  mutual  collisions  of 
the  revolving  and  vihratiug  particles:  and  tlie  iii<  rinse  of  the  elasticity  of 
aeriform  fluids  has  been  wry  minutely  compared  with  the  force  \vliich 
would  be  derived  from  an  accekration  of  these  internal  motions.  In  s  -lids 
and  in  liquids,  however,  this  increase  of  elastitiiy  is  not  obtservable,  and 
tbo  imiiMidjite  effect  of  heat  diminishes  not  only  the  force  of  cohesion,  but 
alao  ia  waub  d^grae^  that  of  repubioiiy  so  that  tim  vihfation^  if  they 
•xlat^  miut  derivethtir  eS«et  on  the  oorpnteiUar  foraa  from  the  altenlioof 
which  th^  produee  on  the  oitnation  cf  the  imrtides,  with  leqpeet  to  the 
caneea  of  these  foroM. 

The  different  chemkal  eflfocts  of  heat  and  Ught  aie  lar  firom  fnnishSng 
any  objection  to  this  system ;  it  is  extremely  easy  to  imagine  the  attraction 
between  two  or  three  bodies  to  he  modified  by  the  agitations,  into  which 
their  particles  are  thrown.  If  cei-tain  undulations  bo  capable  of  affecting 
one  of  the  three  bodies  only,  its  cohesion  witli  botli  the  others  may  be 
weakened,  and  hence  tlieir  mutual  attraction  may  V»e  compHratively 
increaiied  ;  and  from  various  coinbiii'itions  of  such  ditterenees,  in  the 
operation  oi  J  itti n  ut  kinds  of  heat  and  light,  a  great  diversity  of  effects  of 
a  similar  kind  uiay  be  derived. 

If  heat,  when  attached  to  any  ^ub^tauce,  be  buppobed  to  consist  in 
nimite  vihrntions,  and  when  propagated  from  one  body  to  anothsTt  to 
depend  on  the  nndalations  of  a  medium  highly  elastic,  its  efibets  nrosi 
itiongly  rsssmble  those  of  sound,  ainee  ereiy  soonding  body  is  in  a  state 
of  vibiataon,  and  the  air,  or  any  other  medinm,  whieh  transmits  sound, 
oonTitye  its  undulation  to  distant  parts  by  means  of  its  elastieity.  And  we 
ohall  find  that  the  principal  phenomena  of  heat  may  actually  be  illustrated 
hj  a  oomparison  with  those  of  sound.  The  excitation  of  heat  and  sound 
are  not  only  similar,  but  often  identioal ;  as  in  the  operations  of  friction 
and  percussion :  they  are  both  communicated  sometimes  by  contact  and 
sometimoH  by  radiation  ;  for  besides  the  common  radiation  of  sound 
through  the  air,  its  effects  are  communicated  by  contact,  when  the  end  of 
a  timin?  fork  is  placed  on  a  table,  or  on  the  sounding  board  of  an  instru- 
ment, wJiich  receives  from  the  fork  an  impression  that  is  afterwanls  propa- 
gated as  a  distinct  sound.  And  the  effect  of  radiant  heat,  ia  raising  the 
temi^erature  of  a  i>ody  upon  which  it  iails,  resembles  the  sympathetio 
agitation  of  a  string,  when  the  sound  of  another  string,  wlddi  ie  in  uideon 
with  it,  is  transmitted  to  it  thuoug^flie  air.  The  water,  which  is  dashed 
aboBt  by  the  vibnting  extremities  of  a  toning  fotk  dipped  into  it,  may 
feprcsctti  the  manner  m  whieh  the  particks  at  the  surfiMse  of  a  liquid  are 
thrown  out  of  the  leach  of  tfie  ibfee  of  odhesion,  and  oonyerted  into 
fapour ;  and  the  extrieatton  of  heel,  in  oonsoquenoe  of  condensation,  may 
bs  eompared  wiUi  the  increase  of  sound  produced  by  lightly  toudiing  a 
long  cord  wluch  ia  slowly  vibrating,  or  revolving  in  such  a  manner  as  to 
emit  little  or  no  audible  sound  |  while  the  diminution  of  heat,  l)y  cxpan* 
sion,  and  the  increase  of  the  capacity  of  a  substance  for  heat,  may  be 
attributed  t^i  the  greater  space  afforded  to  each  jiariicle,  allowing  it  to  be 
equally  uLritati  1  ith  a  less  perceptible  effect  on  the  neighbouring  particles. 
lu  tioute  cases,  indeed,  heat  and  sound  not  imly  resemble  each  other  in 
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their  operations,  but  produce  precisely  the  saine  effects ;  thus,  an  artlficiiJ 
magnet,  tlie  force  uf  which  is  quickly  destroyed  by  heat,  is  aii'ecied  more 
dowly  in  a  nmilar  numnor,  whni  made  to  ring  for  a  oaiuideimble  tima ; 
and  an  deotrical  jar  may  be  diechazged,  either  by  heating  it,  or  by  caaaiiig 
it  to  ionnd  by  the  Iridiion  of  the  finger. 

All  these  analogies  are  certainly  favourable  to  the  opinion   uf  the 
vibratory  nature  of  heat,  which  has  been  sufficiently  sanctioned  by  the 
authority  of  the  greatest  philosophers  of  ])ast  timcp,  and  of  the  most  j*<)l>er 
reasoners  uf  the  present.    Those,  however,  who  look  up  with  unqualified 
reverence  to  the  dot^nuis  of  the  modern  schools  of  chemistry,  will  probably- 
long  retain  a  partiality  for  the  convenient,  but  superficial  and  inaccurate, 
roodee  of  reasoning,  which  have  been  founded  on  the  favourite  hypothesa 
of  theeziftenoeof  calorleaeaieparateenbotance;  but  it  may  be  preaniiMd 
tiiat  in  the  end  a  caiefnland  repeated  examination  of  the  fiicte»  wliich  hava 
been  adduced  in  confutation  of  that  eyetem,  will  make  a  sutficient  impf«^ 
non  on  the  minds  of  the  enltiTatorB  ii  diemiatzy,  to  induce  them  to  liatcn 
to  a  less  objectionable  tlieory. 

{[Considerable  advances  have  been  made  in  our  knowledge  of  the  pro- 
perties of  heat  since  the  first  publication  of  these  Lectures.    They  have 
owed  their  existence,  for  the  most  part,  to  the  discovery  of  a  very  delicate 
measure  of  variation  of  temperature  by  means  of  its  galvanic  influence. 
It  ie  wdil  known  that  when  a  mirrent  pamea  along  a  wire,  a  tangential 
foree  is  put  in  play  wliich  tends  to  canee  the  delleetion  of  a  magnetie 
needle  placed  in  the  neighbourhood  of  the  wire.  (See  additions  to  Leet.  LV.^ 
Moreover  it  has  been  discovered  that  heat  is  capable  of  produdng  a  gal* 
vanic  current,  the  intensity  of  which  is  proportional  to  that  of  the  produ- 
cine"  Ri,'ent,    Thi«i  is  exhibited  in  the  following  manner.    A  number  of  bars 
of  antimony  and  bismuth  are  arranged  so  as  to  lie  compactly,  whilst  they 
alternate  with  each  other.    They  are  tlien  soldered  together  in  pairs,  so 
that  each  bar  of  the  one  metal  b  connected  at  both  ends  with  a  bar  of  the 
other.  The  extreme  ban  are  united  by  means  of  a  wiie^  and  it  is  aloqg 
this  that  a  galvanic  eonent  tmveli^  on  the  application  of  heat  to  the  sol- 
dered ends  of  thehara.  The  instrument  based  on  these  laindplci^  as  mg- 
gested  by  Becquerd  and  improred  by  Nobili,  Melloni,  and  others^  is  called 
^th$rmomultiplier.    This  name  arises  from  the  important  fact,  that  by 
crossing  the  wire  so  m  to  rausc  it  to  pass  several  times  ]inrftllel  to  the  mafr- 
netlc  needle,  the  simple  ettect  may  he  increased  to  almost  any  extent,  and 
thus  the  instrument  may  be  made  to  measure  the  minute^tt  imUcatiuns  of 
heat.*    Amongst  tlie  earliest  results  of  the  use  of  tliis  instrument  was  the 
disooTery  of  Melloni,  that  rode  salt  sbAis  heat  of  every  kind  to  pass  Irsdy 
through  it,  thus  forming  for  heat  a  snbelanoe  analogous  to  that  iHdch 
glass  constitntee  fu'lii^t.f  The  field  of  disooTsry  of  the  analogous  pro* 
perties  of  heat  and  light  was  now  thrown  open.  That  the  former,  as  wcU 
as  the  latter,  suffers  polarization  under  certain  circumstance  had  been 
eonjeetored  by  Berard  and  othtfs.  But  the  eaqierintent  on  which  the 

*  For  a  description  of  the  instnitnent  see  the  BtblioChiqiae  UniferseUe  (new  ser.) 

ii.  225.    Ann.  de  Ch.  xlviii.  19H.  E  l  Tr.  vol.  xiii. 
t  Ann.  de  Cli.  Itii.,  or  Taylor's  Scientific  Memoirs,  i.  32. 
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[^belief  yirm  founded,  failed  on  repetition  by  Powell  and  NobUi.   And  even 
M.  Melloni,  with  his  themomnHiplier,  wm  unable  to  defteet  the  czbtanoa 
off  polariwbion  in  1883.  la  the  fiollowing  year  Prof.  Forbea  took  np  the 
8abj€ct»  and  eompletelj  anoeeeded.  The  ehaiaeterisiic  of  poUudaation  of 
liKkt  is  the  exMMtionof  aTdiennoeto MditaialaiklTetoili  path.  Thnalighl 
whi<^  paaaes  directly  thnmgh  one  aliee  of  tonimaline  ia  of  the  lame  intenntjr 
In  wluiterer  way  the  tonrmaline  be  presented  to  it.   Bat  if  a  second  toar< 
maline  be  applied,  the  intensity  of  the  ray  which  merges  from  it,  depends 
on  its  situation  relative  to  the  first ;  thus  proTiiig  that  the  light  which  had 
paaaed  through  the  first  tourmaline  differeil  from  comraon  light  in  having 
acquired  a  property  connected  with  direction  perpendicular  to  its  ]>ath. 
Prof.  Fori tes  showed  that  the  samo      equally  true  of  hfnt.    In  tlic  first 
place,  he  fi)nnd  that  two  tournmiineH,  with  their  axes  cio;i&ed,  &!*  |)  more 
heat  than  when  tliev  are  parallel,  even  if  the  source  of  heat  is  bras^i  nut 
luminous.    In  tiie  next  place  he  discovered  an  apparatus  which  facilitated 
the  exhibition  of  the  different  facts  connected  with  polarization.    It  con- 
aista  of  plates  of  mica  split  veiy  thin  by  the  application  of  sadden  heat. 
Thaoe  plaeed  at  an  angle  of  about  46*,  formed  an  eaceellent  pohurlaMr^  and 
enaUad  him  to  detect  polarisation  with  the  greatwt  fMility .  By  thia  meana 
he  eatablidied  the  more  delloate  facte  of  depolariaation  and  dreolar  pola- 
riaation.  A  plate  of  nka  being  placed  between  the  polariav  and  ana* 
lyaar,  when  in  a  crossed  podtioo,  realoied  to  the  heat  its  capadiy  of  bt&o$ 
transmitted  through  tiie  h^ter,  bo  that  under  certain  dreumstanoes,  the 
interposition  of  the  plate  actually  increased  the  quantity  of  heat  which 
passed  through  the  apparatus.    Prof.  Forbes  discovered  circular  polari- 
zation in  18,36,  thus  estaMishing  the  complete  analogy  ])etween  heat  and 
light.    There  are,  however,  some  jjointa  which  appear  to  j^resent  an  obstacle 
tA  1  asiiii^^  liur  theory  of  heat  directly  on  the  correspdrniiiiL;  theory  of  light, 
in  the  hrst  place,  Prof.  Forbes  sliow  s  that  non-luminous  heat  is  less  pola- 
rizahle  at  the  same  angle  than  luminous.    In  the  next  place,  most  bodies 
are  found  to  absorb  the  less  refrangible  rays  in  excess,  so  iliut  Ihc  mean 
re&aDgibility  is  increased  by  transmistiion  through  them.   Smoked  rock 
aatt^  or  mica,  wia  found  by  MaHoni*  nol  to  poaHas  this  property,  oonae- 
qusntly  it  waa aigued  that  the  state  of  the  anrfitce  produces  the  effect^ 
and  aceordingly  with  aroog^ieoed  suifaoe  PtalForheat  found  the  quantity 
of  datk  heat  tranewHtsd  to  be  in  a  threefold  prcportioa  to  that  which  waa 
trsBoaitted  from  a  glass  lamp.  If^  however,  the  surface  waa  vtguhf^ 
scratched,  or  if  it  had  a  grating  before  it,  heat  <^  every  kind  was  trans- 
mitted in  the  same  proportion.  This  last  fact  may  probably  tend  to  recon- 
cile the  theories  of  heat  and  light,  for  I  have  proved  %  that  interference, 
whether  hy  means  of  a  prism  or  by  Franenhofer's  gi'atings,  when  they 
are  regular,  produces  no  effect  in  addine'  to,  or  diminishing  the  quantity  of 
light    The  total  amount  received  on  a  screen  is  in  exact  proportion  to  the 
amount  of  surface  left  uncovered,  the  effect  of  interference  being  merely  a 
displacement  of  its  position.  • 

•  Comptes  llcnduB,  Sep.  3,  1S:;0.  * 
t  Proceedings  of  the  Royal  Soc.  of  Edin.  p.  281.  Ed.lV.  voL  XV. 
t  On  the  Apprprnt.  Effect  of  Interference,  Cttob.Tr.  vol.  vit.  pert  ii.    Ob  the 
Abwlttte  intensity  of  lucerferiiig  Light,  i^.  Tr.  xt.  315. 
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£TIm  fliMny  of  hut  may  be  eaid  to  tmi  wbm  it  did  it  the  time  these 
leetntee  wen  written.  The  facts  which  have  just  been  menUoued  clearly 
point  out  its  undulatory  character.  But  in  what  way  the  major  jmrt  of 
the  ordinary  plicnomena  arc  to  be  explained  by  this  dortrine  does  not  yet 
appear.  We  have  no  imtuifactory  explanation  of  expan^*ion,  of  tardy  con- 
duction, of  the  change  of  fonn  of  certain  crysiak,  of  latent  heat,  and  the 
like.  Neither  will  a  merely  undulatory  hypothesis  relieve  us  from  lome  of 
the  difficulty  attendant  on  eertain  el  tiie  very  phemMoa  wUeh  ippeaied 
to  BUggeet  it ;  raeh  «e  the  dtifiBieoee  between  eohur  and  teneitrial  heat, 
which  Melloni  diowe  to  depend  en  the  dilBnent  mixtnve  ef  the  diffeient 
rays  ;  the  effect  of  different  icieene  whioh  vaiieuly  affect  difierent  kinds 
of  heat,*  the  sifting  of  heat  by  a  screen,  ao  as  to  render  it  more  capaMe  of 
transmif^ion  throuirli  nnotlier  similar  ^icri^en.  Tlje^e  facts  appear  to 
demand  a  corpuscular  theory,  wholly  or  p  irtly  a*  (  .inpauied  by  transverse 
vibrations.  The  hypothesis  which  I  have  \  aim  d  t  is,  that  heat  is  doe  to 
tile  existence  of  repulbive  atoms  whicli  pcuutrate  all  material  suhtitauces ; 
eo  that  expansion  arises  hem  the  aeenmtilation  ef  each  atoou;  hot  that 
the  tnnamiaiion  of  heat  is  parQy  effiMted  by  tranerene  pnlsM^  mry  neatlj 
in  tiie  aame  way  as  the  tidal  water  is  conveyed  np  a  channel,  and  aoenmu- 
latee  at  ite  npper  extremity.  Sobr  heat  is  tnnemitted  altogether  by  each 
tiansvose  pulses,  so  that  its  intensity  is  measured  by  the  intensity  of  tlw 
pulses,  whilst  the  heat  of  a  fire  is  perhaps  due  in  part  to  normnl  ones, 
or,  whicli  is  the  eaine  thinf;,  to  a  flow  of  atoms  impelling  by  their  repul- 
sion  those  which  are  in  advance  «>f  them. 

The  reader  will  hnd  I'rofeHitor  Forheti's  researches  in  the  iiklniburgh 
TrausacUons,  vols,  xiii.,  xiv.,  and  xv. ;  and  in  the  niiloeophieal  Haga- 
rfne^viol.n^  &e.  MelleniX  ia  the  Annalee  de  CSundeb  ToLBiL,  tee,;  or  in 
the  Sdentifie  Menioix%  Tola,  it.,  &e.  He  nay  aba  oonsalt  F^welTa 
Bcpocto  on  Radiant  Heat  Reports  of  the  BiltidiAaMdatiMi,  168^1840.] 
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LECTURE  LIII. 

ON  ELBCTRICITT  IN  BmnUBBIUlC. 

Tmb  phoMMBCiift  of  aleetrieity  m  m  nniiiiug  and  popnltr  la  tfatir 
coEtamal  form  u  Hwj  are  intrieato  and  abatmee  ia  their  iatiiiiiito  aaten. 
In  frgaminhig  flieaa  phanoBMnaaphikaofliioal  bbaavrarwill  not  ba  oontont 
"wkBtt  aneh  exhibitiooa  aa  daada  tiie  cja  lior  a  moment,  withont  living 
any  impreaaloa  that  can  be  instructiye  to  the  mind,  bat  he  will  be  anxioue 
to  trace  the  connexion  of  the  fftctn  with  thoir  sfeneral  causes,  and  to  com- 
parp  them  with  the  theories  which  have  been  proposed  concerning  them  : 
ami  although  the  doctrine  of  electricity  is  in  many  respecij*  yet  in  its 
infancy,  we  i>haii  find  that  some  iiypotheses  may  be  assumed  which  are 
capabhi  of  aaqpUaiog  the  principal  circumstanoee  in  a  simple  and  nftiafiMy 
teiy  maimer,  and  whidi  an  exftnoMly  mcfol  in  ocmneeking  a  mvltitada  of 
detached  ^Mte  into  aa  Intdiigihie  lystem.  These  hypotheses,  founded  on 
the  disooTflriea  of  Franldin,  hafe  beoi  gndnally  foimed  into  a  theoij,  bj 
the  infestigationB  of  Aepinns  and  Mr.  Cavendish,  combined  wHh  the 
experimentH  and  inferences  of  Lord  Stanhope,  Coulomb,  and  Kobison. 

We  shall  first  consider  the  fundamental  hyfuotheses on  whirl)  tlii*^  system 
(iepeiidH,  and  secondly  the  conditions  of  equilibrium  of  the  »ui»&Uince8 
concerned  in  it ;  determining  the  mode  of  distribution  of  the  electric  fluid, 
and  the  forces  or  pressures  derived  from  its  action  when  at  rest ;  all  wMdh 
«r01  be  ftnad  to  be  dedoood  lirom  the  tiieotj  pvecisely  as  they  are  experi- 
mtntaByobeefraMe.  The  motioni  of  the  eleotrie  fluid  wUl  next  be  nolioed. 
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M  Ikr  H  we  esn  fovm  any  genmd  ommIimoiis  iMpectiiig  them ;  mad  tbe 
suuuier  in  which  the  equUibiiom  of  elwtrioity  b  difltnrliedy  or  the  excite- 
tion  ol  electricity,  will  also  be  considered  ;  and,  in  the  Jest  place,  it  will  be 
necessar}'  to  take  a  view  of  the  mechanism  or  the  practical  part  of  elec- 
tricity, and  to  exnmine  the  natural  and  artificial  apparatus  ronrernp<1  in 
elf'ctrical  phenomena,  as  well  as  in  those  effects,  which  have  been  deuami- 
nat^d  galvanic. 

It  is  supposed  that  a  peculiar  ethereal  fluid  pervades  the  pores,  if  not 
the  aetnal  eubetSDoe^  of  the  earth  and  of  all  other  material  bodies,  passing 
throQgh  them  with  more  or  leas  fadlity,  aeoording  to  th^  diSerent  powcta 
of  ooadnetiiig  it :  that  the  partidea  of  this  fluid  repel  each  other,  and  are 
attracted  by  the  particles  of  eommon  matter  :  tliat  the  particles  of  comsion 
matter  alno  repel  each  other  :  and  that  these  attractions  and  repulsions  are 
equal  anion^'  themselves  and  vary  inversely  as  the  squares  ol  the  distances 
of  the  particles. 

The  effects  of  this  fluid  are  distinguished  from  those  of  aU  other  sub- 
Htauces  by  an  attractive  or  repulsive  quality,  which  it  appears  to  commii- 
nicats  to  dilbrait  bo^ea,  and  wldch  dlffm  in  |;eneral  firom  other 
attraetions  and  lepnUona,  by  its  immediate  diminntion  or  oesaation,  when 
the  liodies,  aeting  on  eaeh  other,  eome  into  contact,  or  wlien  they  are 
touched  by  other  bodies.  The  name  electricity  is  derived  from  electrum, 
amber;  for  it  was  long  ago  observed  that  aml)er,  when  rubbed,  continue 
for  «oiiip  time  to  attract  small  bodies  ;  but  at  present  electricity  is  uf?«al)y 
excited  by  other  means.  In  general  a  body  is  said  to  be  electrified,  when 
it  contains,  either  as  a  whole,  or  in  any  of  it»  parts,  more  or  k^ss  of  the 
electric  fluid  than  is  natural  to  it ;  and  it  is  supposed  that  what  is  called 
poaitiTe  electricity  depends  on  a  rsdnndancy,  and  negative  eleetriclty  on  a 
deficiency  of  the  fluid. 

These  repuhdons  and  attractions  are  supposed  to  act,  not  only  between 
two  particles  which  are  either  perfNtly  or  very  nearly  in  contact  with 
each  other,  but  also  between  all  other  particles  at  all  distances,  whatever 
obstacles  may  be  interposed  between  them.  Thus,  if  two  electriticd  halls 
repel  each  other,  the  effect  is  not  impeded  by  the  interposition  of  a  plate  of 
glass :  and  if  any  other  substant  e  interpof^  api^ears  to  interfere  with  their 
mutual  action,  it  is  in  consequence  of  its  own  electrical  affections,  lu 
these  respects^  as  well  aa  in  the  law  of  their  variation,  the  electrical  forces 
difler  Ikom  thus  common  rspulsion  wliich  opemtes  between  tlie  partieles  of 
ekstio  fluids,  and  lesemUe  more  neady  that  of  gmvitatioii.  Their 
intensity,  when  separately  considered,  is  much  greyer  than  that  of 
gravitation,  and  they  might  be  supposed  to  be  materially  concerned  in  the 
prent  phenomena  of  the  universe ;  but  in  the  common  neutral  state  of  all 
bodies,  the  electrical  fluid,  which  b  every  wliere  present,  is  so  distrihnted, 
that  the  various  furces  iudd  each  other  exactly  in  e(|uilil»rium,  jinri  the 
separate  results  are  destroyed ;  unless  we  choose  to  consider  graviuuon 
itself  as  arising  horn  a  comparatively  slight  inequality  between  the  eleo- 
trical  attmdiona  end  rspnlsioos. 

The  ittmction  of  the  cleotrio  fluid  to  oommon  mailer  ia  shown  by  its 
oomnunication  from  one  body  to  another,  i^hich  is  leas  copioui^  ett])!pUad 
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with  it,  as  well  as  bv  many  other  phenomena ;  and  this  attraction  of  the 
fluid  of  tlie  first  body,  to  the  matter  of  the  s^ond,  is  precisely  equal  to  its 
repulsion  for  the  quantity  of  tlie  fluid  which  nAtanlly  belongs  to  tfa« 
iMOondy  80  M  to  satnrmte  the  nutter.  For  the  ezoesB  or  dcAeioicy  of  the 
fluid  in  the  first  body  does  not  immedietely  prodnoe  either  tttrMlimi  or 
repuUon,  so  long  aa  the  natond  distaibatioii  of  the  floid  in  the  eeoond  body 
remains  unaltered. 

Since  abo  two  neotral  bodiee,  the  matter  which  they  emutdn  being 
saturated  by  the  electric  fluid,  exhibit  no  attraction  for  each  other,  the 
matter  in  the  first  mnst  be  repelled  by  the  matter  in  the  second :  for 
its  attraction  for  the  fluid  of  the  second  would  other^^nse  remain  uncom- 
■jYcnsfttcd.     We  arp,  however,  scarcely  justified  in  classinu'  this  mutual 
repulsion  among  the  fTiTifinment-al  pr  •pertios  of  matter  ;  for  useful  n«'  these 
lawH  are  in  exj  lainiiiLr  t  lectriral  ajjiK'urances,  they  seem  to  deviate  too  fur 
from  the  magnificent  HinipHcity  of  nature's  works,  to  be  n<!TniHt'<|  as 
primary  consequences  of  the  constitution  of  matter:  they  may,  howi  v(r, 
be  considered  as  modifications  of  some  other  more  general  laws,  which  arc 
yet  wholly  unknown  to  us. 

When  Ae  eqnilibiittm  of  Ifaeee  fereee  b  deilroyed,  the  ehctrie  fluid  Is 
pat  in  motion ;  those  bodies  which  allow  the  floid  a  free  psssage,  are  called 
perfect  eondnetors;  bat  thoee  which  impede  its  motion  more  or  less,  are 
noncondnctof^  or  imperfect  condactora*  For  example^  wUle  the  electric 
flnid  is  receiTcd  Into  the  metalUe  cylinder  of  an  dectriesl  machine^  its 
sceiunulation  may  be  prevented  by  ttie  application  of  the  hand  to  the 
cjfinder  which  receives  it,  and  it  will  pass  off  through  the  person  of  the 
operator  to  the  ground  ;  hence  the  human  body  is  called  a  conductor*  But 
when  the  metallic  cylinder,  or  conductor,  of  the  machine  is  surrounded 
only  by  dry  n\r,  nnd  supported  by  irla^s,  the  electric  fliii'l     retfiiued,  and 
it«  density  increjused,  until  it  becomes  capable  of  procuring  itself  a  passage 
some  inches  in  length,  through  the  air,  which  is  a  very  imperfect  conductor. 
If  a  person,  connected  with  the  conductor,  be  placed  on  a  at<j>j\  >viLii  glass 
legs,  the  electricity  will  no  longer  pass  through  him  to  the  earth,  but  may 
be  80  accumulated,  as  to  make  its  way  to  any  neighbouring  substance 
which  is  capable  of  reeeiTing  it,  exliAltliig  a  lomiaoas  appearance  calbd  a 
sparlc ;  and  a  person  or  a  substance^  so  phced  aa  to  be  in  contact  with 
nonconductors  only,  is  said  to  be  insolaled.  When  electricity  is  snbtracted 
horn  the  snbstancs  tlms  Insnlated,  It  Is  laid  to  be  negatlTely  electrifled^  but 
the  sensible  eflfects  are  nearly  the  Mme,  except  that  in  some  cases  the  form 
of  the  spark  is  a  little  dlfl^Brent. 

Perfect  conductors,  when  electrified,  are  in  general  either  overcharged  or 
undereliaiged  with  electricity  in  their  most  distant  parts  at  the  same  time ; 
but  nonconductors,  although  they  hare  an  equal  attraction  for  the  electric 
fluid,  are  often  diffrrrntly  affected  in  different  parts  of  thrir  «;uhst;ui(  r, 
even  when  those  partj*  are  similarly  situated  in  every  respect*,  except  that 
some  of  them  have  had  their  electrieity  increased  or  diminished  by  a 
foreign  cause.  This  property  of  nontoiiductors  may  be  illustrate<l  by 
means  of  a  cake  of  rebiu,  or  a  pkite  of  glass,  to  which  a  local  electricity 
may  be  communicated  in  any  part  of  its  surface,  by  the  contact  of  an 
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ilectrified  body  ;  and  the  parts  thus  electrified  may  «ft«ivaidi  1m  iKffHa 

giiislieil  from  tbc  rest,  by  the  attraction  which  they  exert  on  any  small 
particles  of  dust  or  po^v  li  i  jsrojectetl  near  them  ;  the  manner  in  whirh 
the  particles  arrane;^e  themselves  on  the  surface,  indicatinir  also  in  some 
c&seti  the  species  of  elec^icity,  whether  positive  or  negative,  that  haii 
been  employed ;  p<MiliTe  decfarioitiy  producing  an  appearaoet  soaMwhai 
resembling  feathers;  and  negative  electricity  an  arfangmsnt  nuwe  liks 
spols.  The  ine^nality  in  the  distribution  of  the  dsetvie  fluid  in  a  aonsoii- 
ductor  may  remain  for  some  honn^  or  mm  some  dajs^  eontannally 
^iminiAiny  HW  \i  becomes  imperceptible. 

These  arc  Uie  fumhimentai  properties  of  the  electric  fluid,  and  of  the 
different  kiwU  nf  matter  as  connected  with  that  flnid.    We  are  next  to 
examine  its  distribution,  and  the  attractive  and  repulsive  effects  exhihitt><i 
by  it,  under  different  forms.    Supposing  a  quantity  of  redundant  fluid  to 
e^dst  in  a  spherical  conducting  body,  it  will  be  almost  wholly  collected  into 
a  minute  space  contiguous  to  the  snrfooe^  while  ihe  internal  parts  remnui 
bni  Ultle  ovetchaiged.  For  we  may  nej^eet  the  actiona  of*  the  portion  of 
fluid  whidi  is  only  occupied  in  saturating  the  matter,  and  also  the  eflhoi  of 
the  matter  thus  neutralised,  since  the  redundant  fluid  is  repelled  as  mnch 
by  the  one  as  it  is  attracted  by  the  other:  and  we  need  otiIv  to  consider 
the  mutual  nctinns  of  the  particles  of  tliis  Hiiprrflnnus  flui<^  un  i  ach  other. 
It  may  tlien  be  shown,  in  the  same  manner  as  it  is  denionstrateii  of  the 
force  of  gravitation,  tliat  all  tlie  spherical  strata  which  are  remoter  from 
the  centre  than  any  given  particle,  will  have  the  whole  of  their  action  on  it 
annihilated  hy  the  halanoe  of  their  forocn^  and  that  the  elftetiTe  repuUon 
of  the  interior  strata  will  be  the  same,  as  if  they  were  all  collected  in  the 
centre.    This  repulsion  will,  thertlbre^  impel  the  paitidea  of  the  fluid 
towards  the  surface,  as  long  as  it  exisli^  and  nothing  will  impede  the 
condensation  of  tlie  redundant  fluid  there,  until  it  is  exhausted  from  the 
neighbourhood  of  the  centro.    In  the  f^anie  manner  it  mn}' He  shown,  that 
if  there  be  a  deftciency  of  lluid,  it  ¥,ill  In  uiily  in  the  external  parts,  the 
central  parta  remaining  always  in  a  sUite  of  neutrality  :  and  since  the 
quantity  of  electric  fluid  taken  away  from  a  body,  in  any  common  experi- 
ment, bears  but  a  very  small  proportion  to  the  whole  that  it  '^tft*«^i^  the 
deficient  will  also  be  found  in  a  Ytry  small  portion  of  the  ipher^  nest  to 
ita  sniftoai  And  i^  instead  of  bebg  spherical,  the  body  he  of  any 
other  form,  the  efiecta  of  deetineity  will  still  he  principally  confined  to 
its  surface.    This  proposition  was  very  satisfactorily  investi^'ated  by  Mr. 
Cavendish  ;*  and  it  was  afterwa^d^«  moro  fully  *«howTi.  by  Dr.  Gray'st 
experiments,  tliat  the  capacities  of  different  bodies  for  receiving  electricity, 
depend  much  more  on  the  quantity  of  tlieir  surfaces,  tliau  un  their  soiid 
contents ;  thua,  the  conductor  of  an  electrical  machine  will  contain  very 
neatly  or  quite  aa  mudi  eleetrici^  if  hoUow  aa  il  solid. 

If  two  ^herea  be  united  by  a  cylindrical  conducting  substanee  of  smaD 
dimensiens^  there  will  be  an  equilitnsnm,  when  the  actions  of  the  redundant 
fluid  in  the  spheres,  on  the  whole  fluid  in  ihe  cylinder,  are  equal ;  that  is, 
when  both  the  spheres  have  their  eurfoees  electrified  in  an  equal  degree : 

•  Fh.  Ik.  17761,   See  also  ibid.  1771,  p.  &84.        f  IbM.  1788,  p.  121. 


Digitized  by  Google 


ON  ELECTRICITY  IK  EQUILIBRIUlf .  «U 


but  if  the  lenirth  of  the  cylinder  is  consitlerab!*-,  tlir  Ihii  l  within  it  can 
only  remain  at  rest  when  the  quantities  of  redunUaut  tluid  ure  nearly  equal 
in  both  spheres,  and  consequently  when  the  density  is  greater  in  tht 
amallMr.  And  for  »  aiatikr  nuaOf  in  bodiM  of  irregular  loma,  tbo  fluid 
is  always  most  iwwninttktiiil  in  tho  ■maflert  parts ;  and  wlian  a  oondaoting 
mbstaaee  ia  pointed,  tha  flnid  baooniea  80  dense  ai  tta  extvemily,  as  sftsUy 
to  oTweome  ths  forces  wlueh  tend  to  retain  it  in  its  sitoatioa.  (Plate 
XXXIX,  Fig.  561.)* 

In  this  distribution  we  find  a  very  charaeteiisUc  difference  between  the 
preaaure  of  the  electric  fluid  and  the  common  hydrostatic  pressure  of 
liquids  or  of  simple  elastic  fluids;  for  these  exert  on  every  surface 
shiiilnrly  situated  a  pressure  proportionate  to  it«?  magnitude;  hut  the 
elect  l  it  fluid  exerts  a  pressure  ou  small  and  anurnlar  sui'faces,  greater,  in 
proportion  to  their  niapnitudes,  than  the  ])ressur©  on  larger  partes  :  so  that 
if  the  electric  fluid  were  in  general  confined  to  its  situation  hy  the  pressure 
of  the  atmosphere,  that  pressure  might  easily  be  too  weak  to  oppose  itn 
et»cape  from  any  pr«)minent  points.    It  does  not  appear,  however,  that  tliis 
preesure  is  the  only  cause  which  prevents  the  escape  of  the  electric  fluid  ; 
nor  la  it  certain  that  ihle  fluid  can  peas  through  a  perfect  Tacauniy 
nlthoiigh  it  has  not  yet  been  proved^  that  a  body  placed  in  a  Tacanm  is 
perfectly  insakted.  Whatever  the  resistance  nay  be^  which  prevents  the 
dissipation  of  deetiieity,  it  is  always  the  moic  easily  overcome^  as  the 
dectiified  snbstanoe  ia  more  pointed,  and  as  the  point  is  more  promi- 
nent ;  and  even  the  presence  of  dnst  is  often  nnfaTOvrable  to  the  success 
of  electrical  experiments,  on  accoont  of  the  great  number  of  pointed  tecmi- 
nations  which  it  affords. 

The  jG^neral  effect  of  electrified  bodies  on  each  otlier,  if  their  hnlk  Is 
email  in  compari^joi^  with  tlieir  distance,  if,  that  they  are  mutually  repelle<l 
when  in  similar  states  of  t  lt  ctric  i( y,  ;ind  attrai  tul  when  in  dissimilar  statai. 
This  is  a  consequence  immediately  deducible  from  the  mutual  attraction  of 
redundant  matter  and  redundant  fliiid,  and  from  tlie  repulsion  supposed  to 
exist  between  any  two  portions  either  of  mutter  or  of  fluid,  and  it  may 
also  easily  he  confirmed  by  experimental  proof.   A  neutral  body,  'd  it  WCn 
a  peiftot  noBconduetor^  would  not  be  affbcted  either  way  by  the  neighbour- 
hood of  an  electrifled  body :  for  whUe  the  whole  matter  contained  in  It 
lesMdns  barely  saturated  with  the  electric  fluid,  the  attractions  and  repol- 
ricns  balsnce  each  other.  But  In  genersl,  a  neotrsl  body  appean  to  be 
altncted  by  an  deetrified  body,  on  account  of  a  change  of  the  disposition 
of  the  fluid  which  it  contains,  upon  the  approach  of  a  body  either 
positively  or  negatively  elect ri Bed.    The  electrical  affection  produced  in 
this  manner,  without  any  actoai  transfer  of  the  fluid,  is  called  induced 
d«ctricity. 

When  a  l)ody  positively  electrified  approaclics  to  a  neutral  body,  the 
redondancy  of  the  fluid  expels  a  portion  of  the  natural  quantity  from  the 

*  On  charge  and  distribution  consult  Winkler,  Elcctr.  Kraft  des  Wassers,  Leipz. 
1746.  Beccarta,  Ph.  Tr.  1767.  p.  297.  Achard,  Hiit.  et  U6ta.  de  Berlin.  1780, 
p.  47.  Coulomb.  Hist  ee  M^m.  1785,  p.  612;  1786,  p.  67;  1787,  p.  421 ;  and 
the  analytical  investigations  of  PoiMoa,  IMn.  de  I'lastitat,  1811,  1,  l<3,  274  ;  nd 
Grace,  BMf >  ^to,  Ifottii«.  1828. 
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nearest  parts  of  the  neutral  body,  so  that  it  is  Accaroulated  at  the  opposite 
extremity  ;  while  the  matter,  which  is  left  deticient,  attracts  tin  n  ilnndautit 
fluid  of  the  first  body,  in  such  a  manner  as  to  t  aiise  it  to  be  m  l  e  con- 
densed in  the  neighbourhood  of  the  second  than  elsewhere  ;  and  hence  tJbc 
fluid  of  this  body  is  driven  still  further  off,  and  all  th«  cIMa  an  ro- 
doaUed*  Tbt  attntftton  of  the  nduadant  fluid  d  the  eleetrified  bod j  for 
tlie  fednndant  matter  of  the  neutral  body,  Ui  ationger  than  ita  leputaton 
for  the  fluid  wbidi  baa  been  expelled  from  it,  in  proportion  as  the  square 
of  the  mean  distance  of  the  matter  is  smaller  than  that  off  the  mean  dis- 
tance of  the  fluid  :  so  that  in  all  such  cases  of  induced  electricitv,  an 
attraction  i.s  prodtiorl  1  t  tw*>en  the  l)odies  concerned.    Anil   a  similar 
attraction  will  happen,  under  contrary  circumstances,  when  a  neutral 
body  and  a  body  negatively  electrified,  approach  each  other. 

Thb  -state  of  induced  electricity  may  be  illustrated  by  placing  a  long 
eondttctor  at  a  little  dietance  from  an  electrified  mbatanefl^  and  directed 
towards  it ;  and  by  suspending  pith  balls  or  other  light  bodies  from  it,  in 
pairs,  at  diiferent  parts  of  ita  length :  thaae  will  repel  each  other^  from 
being  similarly  electrified,  at  the  two  ends,  which  are  in  contrary  states 
of  electricity,  while  at  a  certain  point  towards  the  middle,  they  will 
remain  at  rest,  the  conductor  being  here  perfectly  neutral.  It  wa-* 
from  the  situation  of  tliis  point  tliat  Lord  Stanhope*  first  inferred  the  true 
law  of  the  electric  attractions  and  rt  jml^^ions,  although  Mr.  Cavendish i* 
had  before  suggested  the  same  law  as  the  mottt  probable  supposition. 

The  attnwtimi  thus  eacerted  by  an  eleetrified  body  upon  neutral  sub- 
stanea^  is  atrong  enougii,  if  th^  are  suflidently  light,  to  oTsrcome  their 
gravitation,  and  to  draw  them  up  from  a  table  at  some  little  diatanee : 
upon  touching  the  electrified  body,  if  it  is  a  conductor,  they  receive  a 
quantity  of  electricity  from  it,  and  are  again  repeUed,  until  they  are 
deprived  of  their  electricity  by  contact  with  some  other  substAnce,  which, 
if  sufficiently  near  to  the  first,  i«  nsuallv  iu  a  contrary  state,  and  there- 
fore renders  them  still  more  cajnilile  of  returning,  when  they  have  touched 
it,  to  tiie  first  substance,  iu  cunseijuence  of  an  increased  attraction,  assisted 
also  by  a  new  repulaioii.  TUa  altamatioii  haa  beau  applied  to  the  eoD- 
straetiou  of  aereral  electrical  toys ;  a  UtUe  hammer,  for  example,  hae  baea 
made  to  play  between  two  bells ;  and  tins  Instrument  has  been  employed 
for  giving  notice  of  any  change  of  the  electrical  state  of  the  atmeaphatt. 
The  repulsion,  which  takes  place  between  two  bodies,  in  a  sinular  stats  ef 
electricity,  is  the  cause  of  the  cun"cnts  of  air  which  always  accompany  the 
diacliarge  of  electricity,  whether  negative  or  positive,  from  pointed  suli- 
stances  ;  each  particle  of  air,  as  soon  as  it  has  received  its  electricity  from 
the  pointy  being  immediately  repelled  by  it ;  and  this  current  has  ahio  been 
supposed  to  iiMilitate  the  eecape  of  the  electricity,  by  bringing  a  continual 
succeanon  of  partidea  not  already  ovmhaiged. 

If  two  bodice  approach  each  cthert  electrified  either  positively  or 
negativdy  in  different  degrees,  they  will  dther  repel  or  attract  each  other, 
according  to  their  distance :  when  they  are  veiy  remote^  th^  exhibit  a 

•  Lord  Mahon*s  Principles  of  l^lectr.  4to,  L«nd.  1779. 

t  On  Qm  Plrlndpsl  FbenoHseaa  of  Bleetr.  Ph.  IV.  1771,  p.  584. 
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repulsive  force,  but  when  they  are  within  a  certain  distance,  the  effects  of 
induced  elfctrieity  overcome  the  repulsion  which  would  necessarily  take 
place,  if  tiie  distrihuUou  of  ih»  fluid  xmikined  unaltered  by  their  muiual 
influence. 

Whoi  a  qniatity  of  tbe  dwtrio  fluid  !■  afleumalstod  on  oim  dde  of  s 
aon-oondiiofebig  onbotanee^  it  tends  to  diiTO  off  tbo  floid  from  tlw  otbor 
rido ;  and  if  Ihis  fluid  is  mflind  to  Mnpa^  11m  iwutining  matlor  tseovts 
its  attraction  on  the  fluid  whieh  lias  boon  Impnitod  to  the  fint  ride,  and 
allows  it  to  be  aocnmnlated  in  a  mnch  gr^tter  quantity  than  could  have 
existed  in  an  eqnnl  surface  of  a  conductin!?  nubstance.  In  this  state,  the 
body  is  said  to  he  charged  ;  and  for  producing  it  the  more  readily,  each 
surface  is  usually  coated  with  a  conducting  substance,  which  serves  to 
convey  the  fluid  to  and  from  its  difl'erent  parts  with  convenience.  The 
tfdnner  anj  mbitonoo  ia^  tha  gnator  qnantitjr  of  tiia  fluid  la  floqnliod  for 
oliaiging  it  to  this  namiar,  to  aa  to  pNdnee  a  given  tfloaon^  or  tenda^ 
OMapa:  but  if  H  be  made  too  thin,  it  will  bo  liabia  to  bfoak,  tlia  afettaollTa 
*  inoe  of  the  fluid  for  the  matter  on  the  oppoeile  dde  overcoming  tha 
oohcabn  of  the  substance,  and  perhaps  fbroing  its  way  thsoiigh  tha  tem« 
porary  vacuum  which  is  formed. 

When  a  communication  is  made  in  any  manner  hy  a  conducting  suh- 
stance  hetwecn  the  two  coatings  of  a  charged  plate  or  vessel,  the  equili- 
brium is  restored,  and  the  effect  is  called  a  shock.  If  the  coatings  be 
xemoved,  the  plate  will  stUl  remain  charged,  and  it  may  be  gradually  dis- 
chavged  bj  naldng  a  oomnmniealbn  between  its  several  parts  in  sno- 
oesdon»  bnt  it  cannot  l»e  discihaiged  at  ono^  for  want  of  a  oommon  con* 
nexion :  aotiiat  the  preeenee  of  the  oooUng  is  not  absolotely  essential  to 
the  chatge  and  discharge  of  the  opposite  surfaces.  Such  a  coated  substance 
18  most  usually  employed  in  the  form  of  a  jar.  Jars  were  formerly  filled 
with  water,  or  with  iron  filiti^^  ;  the  instrument  having  been  principally 
made  kTi  i\\ii  from  the  experiments  of  ilufischeubi  ick  and  others  at 
Leyden,  it  was  chilled  the  Leyden  phial ;  but  at  presc nt  a  coating  of  tin 
foil  is  commonly  applied  on  both  sides  of  the  jar,  leaving  a  snflSeiant  spaos 
atltsnpper  part,  to  aroid  the  spontaneous  disclkarge,  which  would  cflen 
tske  place  between  the  coatings  if  th^  iq^roaehsd  too  near  to  each  other; 
and  a  ball  is  fixed  to  tiie  ooyot,  which  hae  a  comnmnication  with  the 
toiemal  coating,  and  by  means  of  which  the  jar  is  charged,  while  the 
external  coating  is  allowed  to  communicate  with  the  ground.  A  collection 
of  such  jars  is  called  a  battery,  and  an  appRratn>^  of  thifi  kind  maybe 
made  so  powerful,  by  increasing  the  number  of  jars,  as  to  exhibit  many 
striking  eflfects  by  the  motion  of  the  dectric  fluid,  in  its  passage  from  one 
to  the  other  of  the  surfaces. 

The  oondncting  powen  of  dUbrent  subetanoee  are  concerned^  not  only 
In  tha  fteility  with  which  the  motions  of  the  deetric  fluid  are  direeted  into 
apaitieiiiar  channel^  bnt  also  in  nai^  oaeea  of  ite  e^nilibrinni,  and  par« 
UmkAj  in  the  piopefties  of  diaiged  snbstaaoei,  whidi  depend  on  the 
resistance  opposed  by  nonoondnetm  to  the  ready  transmission  of  the  fluid. 
These  power«  may  be  eompared,  by  ascertaining  the  greatest  length  of 
each  of  the  substances  to  be  examined,  through  which  a  iipark  or  a  shock 
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«ttadatd  of  ottnpuiMB*   TIm  wbtbwcc^  vUdi.M»iwst  «MMi^  th^ 
«MiifciWidil|3r»Ui  iil*tt)%  wtU  borni  charcoal,  animAl  bodiev  aeids^  rail— 
liqttiii%  wftter^  and  very  rare  air.  Tlw  principal  nonconductors  am  fl^MMV. 
ice,  gcmfly  dry  «»a1t?,  sulfar,  amber,  re*«!ns,  silk,  dry  wood,  oils,  dry  air  of 
ihfi  usual  deusity,  and  the  haraniL'ti  ic:.il  vacmim,  Heat  cniiniionly  increa-^ea 
the  conducting  powers  of  bodies;  ajar  of  i;la-s  nuiy  W  disebnreed  ]>y  a 
moderate  heat,  and  liquid  resins  are  capabk  uf  irauiuuitiui^  shockja*. 
although  they  are  by  no  means  good  conductors :  U  la  wwadrahhi  abo  HuHt 
tkjMXtuj be dbohiiged  bj  tniiiiite  agitation,  wfaM Hli CMMid to  nag  hy 
Ihafridiiacf  tliafi^.  lilMbMnobwmdtturik  i»  a  gmiTuicij 
mmB,  thoM  anh«t«Boei^  which  an  th«  best  coaduelon  of  heat,  affbri  ate 
tiM  wadUent  passage  to  daokikikj;  thus,  cof^  conducts  heat  mora 
rapidly,  and  electricity  more  readily,  than  iron,  and  plutina  less  than 
almost  any  other  metal  j  jjlas,*  alw  jtresentsa  consiclemhle  resistance  to  the 
tranHjuihsiion  of  both  these  iulliu  nces.    The  annli'LTV  i>,  huwi-viT,  in  uiauy 
respects  imperfect,  and  it  atturti»  us  but  little  liglit,  with  x«^ard  either  to 
the  nature  of  heat^  or  to  that  of  the  electric  fluid. 


Lkct.  liii— additional  authorities. 
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Blektr.  Leips.  1744.  Bigeoflcbaften  der  Etektr.  Materie,  1745.  Bose,  R^herche* 
sur  la  Cause  de  TEiectr.  4to,  Berlin,  1745.  Tentamhia  Electr.  4to,  Wittamh.  1747. 
Waitz,  Abhand.  Ton  der  Elektr.  4to,  Berlin,  1745.  Piderit,  De  Electr.  Marb.  1745. 
Watson's  Exp.  and  Oba.  witii  Sequel,  1746.  Muller,  Ursach  und  Niitzen  der  Elektr. 
1746.  Nollet,  Essai  sar  rstectr.  12mo,  Paris,  1746.  R^-herrhes  sur  do.  4to, 
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Bor  I'Electr.  4to,  Petersb.  1778.  Lord  Mahon's  Principles  of  Electr.  4to,  1779. 
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Brook  on  Eflectr.  1790.  P^art  on  do.  Gainsboroui^h,  1791.  Lampadiu.s,  Ueber 
Electr.  tmd  Warme,  Berlin,  1793.  Cavallo'g  Electr.  3  vols.  1795.  Morgan's 
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Copenh.  1803.  Deluc,  Trait^  El^mentaire  sur  le  Pluidc  Electro •galvanique,  Milan, 
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Electr.  Ulm,  1823.  Leschan,  Grundziige  der  Reinen  Elektr.  1820.  Farrar,  Ele- 
ments of  Electr.  Camb.  N.  E.  1826.  Fechner,  Lehrbuch  der  Galvanistuus,  Leipz. 
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Memoirt. — Hauksbiee'aPhysico-Mech.  Experiments,  4to,  170'.»,  and  I'h.  Ti  .  1706, 
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....Bflpiibliiiml,2^109,lM4.  . 

2  l2 


Digitized  by  Google 


tie 


LECTURE  UV. 


ON  BLBCnUCTIT  IN  MOHON. 

Thb  manner  in  which  the  electric  fluid  is  transferred  from  one  bodj  to 
aaotlitf,  the  famwdi>t»  of  taelk  k  tniMto,  the  canaes  wbidi  ongt" 
ulljr  4iataib  the  equUflninm  of  deetiieUj^  and  the  ptaetical  nxthod^ 
¥^  wbldi  all  tbaae  dzmunataiioeo  aie  i^gnlalad  and  naaaiired,  reqiiire  to  ba 

oonddered  as  belonging  to  the  subject  of  electrici^  in  motion.  Among 
the  modM  of  excitation  hy  which  tha  eqaiUbriiim  is  originally  disturbed, 
one  of  the  most  interesting  is  the  {galvanic  a]>paratu9,  which  has  been  of  late 
years  a  very  favourite  subject  of  popular  c  uri.>«sity,  and  of  which  tlu-  theory 
and  operation  will  be  briefly  exaiuiaed,  aUliough  the  sulijeit  appears 
rather  to  belong  to  the  chemical  than  to  the  mechanical  doctxiiie  of 
akctridty. 

Tlia  ptogveariva  motion  of  tiia  aUetariQ  fluid  thwagh  oondnotinig  aob- 
fllanoaa  ia  ao  nfid»  aa  to  ba  peifotmad  in  all  oaaea  wltlioat  a  aanafUa 
interval  of  time.  It  hna  indaad  lieen  aaid,  that  wlian  Toiy  waaUy  excited, 

and  obliged  to  pass  to  a  very  giaat  diatance,  a  perceptible  portion  of 

time  is  actually  occupied  in  its  passage  ;   but  this  fact  is  somewhat 
douhtful,  and  attempts  have  been  made  in  vain,  to  estimate  the  interval 
em}iloyL'(l  in  the  transmiision  of  a  shock  through  several  miles  of  wire. 
We  are  not  to  imagine  that  the  same  particles  of  the  fluid,  which  enter 
nt  one  part,  pass  through  tba  wliole  conducting  subatance^  any  mora  than 
fliai  flia  aame  portion  of  blood,  whieh  ia  thmwn  out  of  tha  haait  in  aach 
pnlaation,  aixivaa  at  the  wriat,  at  the  initantthat  the  pnlaa  ia  Mt  there. 
The  velocity  of  the  transmission  of  a  apark  or  ahock  far  exceeds  aotaal 
velocity  of  each  particle,  in  the  same  manner  as  the  velocity  of  a  wave 
exceeds  that  of  the  particles  of  water  concerned  in  its  propagation  ;  and 
this  velocity  must  depend  ])oth  on  tlie  elasticity  of  the  electric  fluid,  and 
on  the  force  with  which  it  is  coiitined  to  the  conductini:  sul  stanti-.    If  this 
force  were  merely  derived  from  the  pressure  of  the  atmosphere,  we 
ndght  infer  the  density  of  the  fluid  from  the  velod^  of  a  qiaric  or  aboeil^ 
eompaiad  with  that  of  aonnd ;  or  wa  m^t  dadnea  ita  Talod^  fnna  a 
datonnination  of  ita  daaaity.    It  haa  bean  aoppoaad,  although  pariiapa 
aomewhat  haakO/s  that  tha  actual  vaIocit7  ia  naarlj-  aqnal  to  tiiat  of 
light,* 

When  ft  conductinq-  substance  approaches  another,  which  is  electrified, 
the  distribution  of  the  electric  fluid  within  it  is  necessarily  ah>^rcd  by 
induction,  before  it  receives  a  spark,  so  that  its  renmter  extremity  is 
brought  into  a  state  tiimilar  to  that  of  the  first  body :  hence  it  happens 
tiiaft  whan  tha  apark  passes,  it  pradvcea  kaaaAet  at  the  ramotar  aid  of 
tha  aabatano^  whila  tha  part  pfoaaatad  to  the  elaotrifiad  body  ia  meit 

*  Wataon's  £zp.  to  detemune  the  Celerity  of  Ekctridtv,  Fh.  I^,  1748.  pp.  49, 
491.  WheaMone,  ibid.  1«S4,  p.  ssa. 
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aflRBCied,  on  aeeonnt  of  its  tnddm  change  to  an  opposite  state.  Bat  if 
both  ends  approach  bodies  in  opposite  states  of  electririty,  they  wiB  both 
>>e  ntronp'Ij  affected  when  the  eliock  takes  plaoc^  while  the  middle  of  the 
circuit  iindenroes  but  little  change. 

The  n  J  aimer  in  which  the  electric  fluid  makes  its  way,  through  a  more 
or  less  perfect  nonconductor,  is  not  completely  understood  :  it  h  iloiihtful 
whether  the  substance  in  forced  away  on  each  aide,  so  as  to  leave  a  vm  uuia 
for  the  passage  of  the  fluid,  or  whether  the  newly  formed  surface  helps  to 
g«ld0  it  in  Ito  way  ;  and  In  mom  mm  it  bM  beea  supposed  tkftt  Hm 
gndutl  oomnuinieatkm  of  dectridty  has  rendend  the  sofastonoe  more 
CB|>abl*  of  eondiietiiig  Ht,  eitiwr  Immediateiy,  or,  in  the  eaae  of  the  air,  by 
ftrit  mefying  it.  Howofw  this  niay      the  pafontUm  of «  Jar  of  glass 
by  lift  owfchaige,  and  that  of  a  pkto  of  air  by  a  epail^  ^ppaar  to  ba 
effects  of  the  same  kind,  although  the  charge  of  the  jar  is  piinoipany  con- 
tained in  the  glass,  while  the  plate  of  abr  ia  perhipa  little  concerned  in  th* 
distribution  of  the  electricity. 

The  actual  direction  of  the  eleftnr  current  has  not  in  any  instance  been 
fully  nsccTtaincd,  although  there  are  some  appearances  which  seem  to 
justify  the  cuiaiuon  denoraination»  of  jwsitive  and  neprative.    Thus,  the 
fracture  of  a  chartred  jar  of  L^lass,  t  y  sf)ontaneous  ex]ili  isinii,  is  well  defined 
on  the  positire,  and  spiiutered  uu  the  iiegative  side,  as  might  be  expected 
from  the  passage  of  a  foreign  substance  from  the  former  side  to  the  latter ; 
and  a  candle,  held  between  a  poutire  and  a  negative  ball,  although  it 
appMontly  yihntM  botwoen  thorn,  is  ftfond  to  beat  tho  n^gativi  ball  mveh 
more  than  the  pooitlTe*  Wo  caoiioty  bow^vov  pibMse  mnob  dopendanoe  on 
iny  oiroomstance  of  ibia  kmd,  for  it  ia  donblfiil  wbetbar  aiqr  eomnt  of 
the  fluid,  whidh  we  can  produce^  poosssses  snfficient  momevtam  to  cany 
with  it »  body  of  sensible  magnitude*  It  is  In  fiiot  of  Hltia  conaeqnence  to 
tiia  theory,  wh^er  tho  terms  positive  and  negaUvo  bo  oometly  applied, 
3pfOfided  that  their  sense  remain  determined  ;  and  that,  like  positive  and 
negative  quantities  in  mathematics,  they  be  always  understood  of  states 
which  neutralise  each  other.    The  onViiial  opinion  of  Dufny,*  of  the 
existence  of  t^\■o  f^isttnct  fluids,  a  vitreous  and  a  resinous  elet:tricity,  lia^  at 
present  few  advocates,  although  souie  have  thousfht  such  a  tjupposition 
f&vcured  by  the  phenomena  of  the  galvanic  decouiposition  of  water, 

Wiien  electricity  is  simply  accunmlated  without  motion,  it  does  not 
appear  to  have  auy  effect,  either  mechanical,  chemical,  or  phyuological,  by 
iHildi  ita  prseonce  can  be  disoovered ;  the  aeoderatioa  i  the  pulse,  and 
the  adranoemont  of  tbo  growth  of  planti^  wUeh  bafo  bon  eomotimaa 
attoibatod  to  it»  bavo  not  been  oonflnnod  by  tbo  mart  aoenrata  ai^an- 
mmls.t  An  nnfaitamiplad  ourent  of  dootricity,  thioii|^  a  paM 
omdaolory  wonld  porhapa  bo  alio  In  oroiy  nopoet  impereeptible,  nnoa  tbo 
bMt  eoodnelom  appear  to  bo  tha  laaat  aiboted  by  it.  nras^  if  wa  pboa 

•  Fh.Tr.  1733,  xxxTiii.  258.    Hist,  ct  Mem.  1733,  p.  457. 

t  Cotuttlt  Kies  ct  Koestlin,  De£ffectibu.<)  Elcctr.  4to,  Tubing.  1775.  Ingenhooss, 
Versuche  mit  Pidunzen,  3  vols.  Vienna,  1778-90.  Bertholun,  do.  Leipx.  1785. 
Troatwjk.  De  TAppUcatioD  de  I'Electr.  4to,  Amst.  1788.  Vm  Manm,  ftoOhe- 
sdifaa  BMt  Tsylen  Electrisir  Mmehine,  4to,  Hesrlsai,  i19i. 
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our  hRiv]  on  tlie  conductr^r  of  an  electrical  ma<'liine,  tbe  dectricily  wU 
pass  ott  coniiiiiially  through  the  body,  without  exciting  auy  sensation,  A 
euostant  atrtiiin  of  galvanic  electricity,  parsing  tlirough  an  imn  w  ire  is, 
however,  capable  of  exciting  a  considerable  degree  of  he&t^  and  if  it  be 
tnuimittiwi  fhiopgh  the  haadt  of  tiie  operator,  it  wiU  pnibam  u  sU^ht 
imiiiliiMi^  aUIunigh  in geo«nl  aooM  iaiomiptiaa  of  «iinaat  i»  nttm 
wny  in  ovdtr  to  finnUi  an  acenimihticm  saffidtoi  to  ptodooe  —iMlik 
•Aolt ;  and  such  an  ioiimption  nuj  evoi  increase  the  effect  of  a  rfufh 
■park  or  shock  ;  thus,  gunpowder  is  more  readily  fired  by  the  discharge  of 
a  hatf^rv  p hissing  through  AH  snteRfqptod  oroiiit^  than  thmn^  •  mdos  oI 
perfect  comluctors. 

The  most  conimnii  rftVct  of  tliu  motion  of  the  electric  fluid  ia  the  pr«Kiuc- 
tion  of  light.    Light  is  probably  never  occasioned  by  the  paaaa^  uf  the 
fluid  through  a  perfboi  eondndor;  tar  what  fhd  diMhoigB  of  «  ]«q^ 
battoy  londor*  a  nnaill  irixo  hiiiilnoii%  the  fluid  ii  ool  whoOj  coaflned  to 
ib»  \dn,  but  ovotflowa  a  little  into  the  sejg^ihoittiBg  siMoe.  Then  ia 
alwajB  aa  ^ifeannoe  of  Iiglit»  wiieiieyer  the  path  of  the  ilaid  is  inter- 
rapted  by  an  imperfect  condnetor ;  nor  is  the  apparent  contact  of  conduct 
ing  substances  sufficient  to  prevent  it,  unless  they  are  held  together  by  a 
oonsiderabk  force ;  tlius,  a  cliain,  conveying  a  spark  or  shock,  appears 
luminous  at  each  link,  and  the  rapidity  of  the  motion  is  so  great,  tiiat  we 
can  never  observe  any  difference  in  the  times  of  the  appearance  of  the  ii^t 
in  ite  difiwent  parts ;  so  that  a  aeriee  of  Iwninoaa  pc!iit%  taaad  lif  tha 
paan^^e  of  die  eleetrie  fliid,  between  a  rtriog  of  eendnetlng  boding  vtft^ 
ante  ai  oao*  a  farilliavt  delineation  of  tha  whola  fignit  in  whidk  thaj  «n 
arranged.  A  lump  of  eogai^  a  pfooe  of  wood,  or  an  egg^  magr  aaidly  be 
made  hnmaone  in  this  manner ;  and  many  mbetani^  by  means  of  their 
propertira  as  solar  phosphori,  retain  for  some  seconds  the  lumvno?i«< 
appearance  thus  acquired.    Evvn  wRtcr  in  po  imperfect  a  conductor,  tJiat  a 
strong  shock  may  be  seen  in  its  )iii-:-;i;,»e  tlauugh  it;  nni  wJitn  the  air 
sufficiently  moistened  or  rarehcd      become  a  conductor,  the  Uack  ui  Ui« 
fluid  through  it  is  indicated  hy  streame  of  tight,  whieh  are  perbape  dadvad 
ftom  a  leriee  of  miimte  sparks  peaeing  between  tbe  partielea  of  water  m  of 
iii«fie4air«  Wlien  iha  air  ia  astniDaly  iaie»  tbe  light  ie  giesnieh  ;  aa  i| 
beoomei  more  danec^  the  li^it  IwQDines  blue,  and  then  violet,  until  it 
no  longer  conducts.    The  appearance  of  the  electrical  light  of  a  point 
enables  tts  to  distinguish  the  n;itTire  of  the  electricity  with  which  it  is 
charged;  a  jieneil  of  light,  streamiii?  fr  in  tho  point,  indicating  that  its 
electricity  is  positive,  while  a  luminous  bUir,  wiith  few  diverging  rays, 
shows  that  it  is  negative.   The  sparks,  exlubited  by  small  haUs,  dlSerently 
electrified,  have  also  similar  varieties  in  thMr  forms,  according  to  the 
nataia«r  their  ehaigee.*  (Pbta  XL.  fig.  ftSS.) 

The  prodnetion  of  beat  by  eleoMdiy  fnqptu^  aeoonpaniea  thai  4f 
lights  and  appeaia  to  depend  in  eome  meaeare  on  the  same  circumstaneee. 
A  fine  vrire  may  be  fused  and  dissipated  by  the  discharge  of  a  battery ; 
•  and  witliout  beii^  peifeetly  melted,  it  may  sometimes  be  ebortened  or 

*  Consult  Doppelmayer,  Ueher  das  Elektr.  Licht.  1719.    Nairne,  Ph.  Tr.  177^ 
p.  614.  Nidurisoo,  ibid.  17«9,  p.  205.  Dan  on  e  Veayaa,  ibid.  18^2,  p. 
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leiigihened,  accordingly  as  it  is  loose  w  Stretched  during  the  experiment. 
The  more  reatiiiy  a  metal  conducts,  the  shorter  is  the  portioa  of  it  which 
the  same  shock  cmn  destroy ;  and  it  hm  iDnetiBM  hem  fwmA  thst  s 
•^hmUi  atetttij  ImbImmi  OflUs  «f  nitiiig  a  quadruple  length 

Tba  iwthMleii  iMi  of  aMridlj  we  pnbaUjr  in  mmftmm  tfaa 
wmmew  <f  Hia  iiilihrtiuH  pMdMi  liyliia  hed wUeh  is  aouitid; 
<lfaaa^  Hm  inpliMioii  aMsodim  IIm  tfiminitilflii  «l  a  riuwk  ar  ijiHk  liiroi^ 

the  air,  may  easily  be  supposed  to  be  derived  the  expansion  camid 
by  beat ;  and  the  dealnMlion  of  a i^aiatube^  wbieh  aontains  a  fluid  in  a 
capillary  bore,  when  a  spark  is  caused  to  pass  through  it,  is  the  natural 
eonserjnenc^  of  the  conversion  of  some  paHicles  of  the  fluid  into  vapour, 
Btit  wlien  a  tr\afn  jar  1?^  perforate^?,  this  raref:irtion  cannot  be  supposed  to 
be  ade<juate  to  the  ettect.  Ft  is  remarkable  that  such  a  perforation  iu;iy  be 
made  >»y  a  very  moderate  (lischarpe,  when  the  glass  is  in  contact  willi  oil 
or  with  sealing  wax;  and  no  suffident  explanation  of  this  drcumatance 
has  yet  betii  given. 

A  rtrong  current  of  electrid^,  or  a  sneoession  of  shodcs  or  sparks, 
liMiiiniWad  timnq^  a  mbitaiiM,  by  miaiia  of  Una  what,  fa  oapalila  af 
■pgod^eiiig  many  ahtmiaal  eom'bimtiona  and  deeomposMont,  eoma  of  wMcH 
tmf  ba  atlrilmled  m«idy  to  Hm  hmn  whMi  H  noomAom,  M;  olfa«a  ait 
wMiy  dtffcicnt.  Of  thwe  U»  moat  nnafkaUe  Is  the  prodnetion  oT 
aaygaa  and  hydrogan  gas  from  ottcamoa  waier,  whkli  are  aanalty  axtd* 
catod  •(  once,  in  such  qvantfties,  as,  when  ^galll  aombliwd,  ^fiB  lapiodnoa 
the  water  which  has  disappeared ;  but  in  some  cases  the  oxygen  appears  to 
be  disengaged  moat  aopiomdy  a*  Iba  poailiTa  wfaa^  and  tfaa  hydNgan  at  thi 
negative.t 

When  the  spark  is  received  by  the  tonpnio,  it  ha^  generally  a  subacid 
tast*!  ;  an  l  an  ex|ilf)sii>n  of  any  kind  is  Tisuall)'  aeeonipanied  by  a  smell 
somewhat  like  that  of  suifur,  or  rather  of  fired  ^^unpowder.    The  peculiar 
sensation,  which  the  electric  fluid  occasions  in  the  human  frame,  appears 
In  general  to  l^e  derived  from  the  spasmodic  contractions  of  the  muscles 
through  which  it  passes  j  although  in  some  cases  it  produces  pain  of  a  dif- 
ItomtH  kbid ;  HoM,  the  spsric  af  a  aondaotor  oeeaalona  a  dhagmeabte 
amsitfoa  ia  the  skin,  and  whan  an  exooriated  surfkee  la  placed  in  the 
glhaiiB  eoiNnti  a  aoMa  af  martbig,  mbced  wHb  biiniiiig»  !a  eitperienoad. 
ismtiBMB Hm  flAfllaf  a  Aaok  is Mt  moat'  powerfiBlIy  at  fta  JointB,  oH 
meoant  of  tbadlfiaalty  which  the  fluid  finds  in  paaring  the  articulating 
sorfacN  wUeh  fnm  the  cavity  of  the  joints.   Iba  sadden  death  of  an 
aalual,  in  eaasaqnence  of  a  violent  shock,  te  pmbaUy  owiii^  to  the  im- 
mediate exhaustion  of  the  whole  enei^gy  of  the  nervous  system.   It  is 
RBsvkable  that  a  T«iy  mbmta  tnmor,  oomnranicated  to  tha  moat  elastic 

•  KiiinersleY  on  an  Electrical  Air  Thermometer,  and  on  the  Extension  of  Wire, 
Ph.Tr.  1763/p.  84.  Naime  on  Shortentog  Wires,  ibid.  1780,  p.  334.  Rieu, 
1%.  Ana.  si.  881 1  xliil.  47  9  ilv.  1* 

t  Consult  Cavendish,  Pb.  Tr.  1 7^8,  p.  261.  Pearson,  ibid.  1797,  p.  142.  Wol- 
luton,  ibid.  1801,  p.  417.  Davy,  ibid.  1807,  J».  1.  Van  Trosiwyk,  Gren's  Jour, 
ii.  130.  SehSabeiB,  Poa>  Ann.  L  616.       •  ' 
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parts  of  tJic  Ijody,  in  particular  to  the  chest,  produces  an  agitation  of  ih4 
DXtrrm,  which  in  uut  whull}-  unlike  tlie  effect  yf  a  weak  electricity. 

The  principal  modes,  in  wliich  the  electric  equiiibhuui  in  primarily 
dMtKoyed,  are  simpUi  (Mmlacty  friction^  « .change  of  the  foxm  of  aggrc^*- 
tion,  ind  Qhemical  eoinbiiiatioiu  and  deoompoflitioiu.  The  daetritity  pr»» 
dufied  by  ifat  dmpl*  oontMlcf  may  two  antitaiiew  is  titwndy  wwik,  and 
oan  only  be  datected  by  very  delicate  expaimflnte :  in  genenl  it  ^f^pean 
thftt  tbe  labstanoe  which  conducts  the  mom  liadily,  acqoires  a  aliglii 
dejEfree  of  negative  electricity,  while  the  other  substance  is  positively 
electrified  in  an  e([ual  degree.    The  samr  (lispcsition  of  the  fluifi  i?  nlso 
usually  produced  by  friction,  the  one  suhstauce  always  losing  as  inut^i  as 
the  other  gains ;  and  commonly  although  not  always,  the  wurst  conductor 
becomes  positiye.  At  the  instant  in  which  the  friction  is  applied,  the 
capacitiworattvMtioniof  tbebodiatfor  sUeirieity  appear  to  bo  altan^ 
•nd  %  graaiv  or  ItM  qmuiiity  is  raqnired  for  iritiirotiny  thoM ;  and  «pom 
the  ceaeation  of  the  tempoRKy  cihaiigc^  this  redondanoy  or  dofidaMj*  ia 
rendered  sensible.    When  two  substancca  of  the  same  land  are  rubbed 
together,  the  smaller  or  the  rougher  becomes  negatively  electrified  ;  ]>erhap8 
because  the  smaller  (surface  in  more  heated,  in  consequence  of  its  under- 
going mun:  frirtion  thnn  au  equal  portion  of  the  larger,  and  hence  In  coim  s 
a  better  conductor  ;  and  because  tlie  rougher  is  in  itself  a  better  conductor 
than  the  moother,  and  may  possibly  haTe  its  conducting  powers  increased 
]»y  the  gNateragtt^rtioa  of  ita  porta  wbkhtliafMotton  Tliabaek 
of  a  livo  oat  beoomw  pontivoly  obeti!ifiod»  wiili  wbatovor  aobatance  it 
ia  mbbed ;  glaM  ia  poiitivo  in  most  oaa6%  but  not  irhm  mbbod  witk 
mercury  in  a  vacuum,  although  sealing  wax,  which  ia  generally  Mgattvii^ 
is  rendered  positive  by  immersion  in  a  trough  of  mercury.    When  a  white 
find  a  black  silk  stocki^ttj  arc  ruhhf^d  together,  the  white  stockini''  arr]uir«»3 
positive  electricity,  and  the  blaek  negative,  perhaps  because  ike  black  ^y© 
renders  the  silk  both  rougher  and  a  better  conductor. 

Tlioie  substance^  wfaloh  Iioto  very  little  conducting  power,  are  some- 
timaa  oalLed  daokriea^  rinoe  they  are  capable  of  o¥liibiting  readily  the 
alaetriflity  whioh  fiiolion  ozeilaicii  thdr  aoiCMii^  whoa  tt  raaaioa  aoooi- 
mnlatedy  ao  that  it  may  ba  ooUaetod  into  a  oopdaeior;  wiiila  the  aufimi 
of  aach  substances,  as  have  greater  couductiiig  powoi%  do  not  to  laadify 
hnbibe  the  fluid  from  others  with  which  they  are  rubbed,  since  thiy  mij 
be  supplied  from  the  intfrnal  parts  of  the  substances  themselves,  when 
their  altered  capacity  requires  it ;  thua»  glass,  when  heated  to  1 10°  of 
Fahrenheit,  can  with  diihciilty  be  excited,  becoming  im  imperfect  con- 
ductor :  but  a  thin  plate  of  a  conducting  substance,  when  insulated,  may 
booxdteda]iDoitaaaasi]yaoaaoloctric,  commonly  ao  oaUod. 

V^ma  are  goaardly  la  a  a^gatiro  tUJbt,  b«t  if  tiny  iiaa  ftom  inalaUie 
anbstanoei^  or  eran  ftom  Mmokiiida  of  boated  |^ai%  tiia  aflSMt  ia  uneatain, 
probably  on  account  of  aoma  chemical  actions  which  interfere  with  it» 
.Sulfur  becomes  electrical  in  cooling,  and  wax  candles  are  said  to  be  some- 
times found  in  a  state  m  electrical,  when  they  are  taken  out  of  their 
mouldR,  as  to  attract  the  particles  of  dust  which  are  floating  near  them. 
The  tourmalin,  and  several  other  crystallized  etonet^  become  electrical 
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tlM  llvidt  b6in%«0rtunTClajtkiiiQlhe4li«otNnliiw]i^  sUmo  tiMi8> 
iBlto  tin  l%hi  moil  xvadily ;  tonw  pMts  of  tlie  cijital  bnig  mdcnd 
•Iwajs  poiWf«fy  aad  othen  ]i^g»tiT«ly  dMlviodly  by  «&  iocarMM  of 
tMapcmtare. 

The  most  remarkable  of  the  phenomena,  attending  the  excitation  of 
*lectHrity  hy  chemical  changes,  are  th*>w  which  hnve  lately  rereived  the 
appeilutinn  of  galvanic.    Some  of  the  efiects  which  luis  e  hcL-ii  ( oiisidcret! 
as  l>eloiiL;iFiir  to  pah  anUui  are  prohahly  derived  from  the  electrical  powers 
of  the  ftniiiiiil  \)od\\  .iiirl  the  rest  have  hecn  referred  hy  Mr.  Volta,  and 
many  other  philuMophcis  on  the  couUuent,  to  tiie  mere  mechauical  actions 
of  bodies   poasesseil  of  difl^Brent  properties  with  regard  to  electricity. 
Tbna,  they  httw  mffo&ed  tlut  wbm  m  dicfilitfftn  of  tlie  cleetrie  fluid  it 
prodnoed  tiivoqgh  •  loaf  tenet  of  ttthtttnoet  in  a  otrttla  dinetion,  tht 
diflbnoMMt  tf  liuir  tttnetioiit  tnd  tf  tlMir  igondmrtlpy  ptwei%  iHiioh 
Mflfc  ntudn  tht  ttmt  tluouglumt  tht  pgottti^  keep  np  thit  peiptfeBtl 
ukadan,  in  dtflance  of  tht  geimal  Ittwt  of  mwhamoal  foiveeu  In  thit 
coimiiy  it  has  btm  generally  maintthMd,  that  no  explanation  fintttdtd  ta 
toeh  principles  could  be  admissible,  even'  if  it  were  in  all  other  req»telt 
tafiotent  and  attitltttoiy,  which  tht  ittthwittl  (htoiy  of  gtlvtnitni  tor* 
tainly  is  not. 

The  plirnmnoTn  of  ij^lvanism  appear  to  he  principally  deriver^  from  an 
inequality  in  the  distrihution  of  the  electric  fluid,  (iri.:in;itin<:  from 
chemical  chan^b,  and  iiiaiat^ined  liy  lueiiiis  of  llie  rcsihtanci'  opposed  to 
its  motion,  hy  a  continued  allcruittiou  of  substaiite:*  of  Uifh  lont  kinds, 
which  furuiabes  a  much  stronger  obstacle  to  its  transmiiision  than  any  of 
thoteanbttaiicetalo&t  would  have  done.  The  substances  employed  ,  mutt 
Mithw  otiuiifci^Uy  of  tolidt  nor  of  flnidi^  and  Ifatj  wtti  bt  of  thitt 
difttmi  kindi^  pofwted  of  diffimni  powtn  of  oondnoling  dtttrioity; 
hot  whtthtr  tht  diCwontt  of  tiitir  noad  noting  powtn  it  of  any  othar  otn- 
tt^atnot  than  at  it  aooompaaitt  dilibnnt  chMnioal  ptoptftiti^  It  hitfatrta 
ondtttnniiied.  Of  these  three  substanoea,  two  matt  poaitti  a  power  of 
atUag  BMitoaUy  on  taob  othtr,  while  the  othtr  tf^pears  to  serve  prineipally 
for  making  a  separate  connexion  between  them :  and  this  action  may  be  of 
two  kind",  or  perhaj>R  of  more;  the  one  is  oxidation,  or  the  c/)Tnhination 
of  a  metal  or  an  ItilUmmahle  8uhs»tance  witli  a  portion  of  ox3'q:i_n  derived 
from  water  or  from  an  acid,  the  otlu  r  sulfiirntion,  or  a  combination  with 
tbe  sulfur  contained  in  a  soluliun  of  an  aikaiiuc  bulfuret. 

We  may  represent  the  effects  of  all  galvanic  comhinations,  by  con- 
sidering the  oxidation  aa  producing  positive  electricity  in  the  acting  lii^uid, 
tnd  tht  ialfarBtion  as  producing  negativt  tltttrioity»  and  by  imagining 
tiwtfldttltobicity  is  alwayt  otnuauaittttd  to  tht  htti  ooadaotor  of  tht 
other  mhtttnott  oonttntd,  to  tt  to  product  a  oirealttitn  in  tht  direction 
thai  dtttnnintd*  For  tttaipk^^  whin  two  wirca  of  nno  tnd  tilrtr» 
toaobing  each  other,  are  t^arttdy  laiinei ted  in  anad<^thtadd,btconiing 
podtivtly  tleeirieal,  imparts  its  electricity  to  tht  «lfti^  and  htnoe  it  flowa 
•bttkinto  the  line:  whtn  thaends  of  a  piece  of  thaiatal  are  dipped  into 
vttv  and  into  an  atidk  iwantfittd  tiomihrr  bv  a  ^BalL  tn^  .tlwi  aokL 
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h*Tf>Tning  positive,  »enJs  iU  superfluous  fliiM  throti^'li  tiie  charcoal  iiUu  the 
water;  aud  if  a  wire  of  copper  be  dijiptil  into  water  and  a  eoluiioii  of 
alkaline  sulfuret,  connected  with  each  otlier,  the  sulfuret,  becoming  nega- 
tive, will  draw  the  fluid  fitnn  tiie  copper  on  whieh  It  acts ;  and  in  all  tbeae 
eatetlhediieetionof  thec«mntiilrdydit<nained,  b/ 
eompoflfaig  »  battecy  «f  •  Mmler  of  aHtrMtioM  «f  thb  ldiil»  and  <lliber 

tjitwfaing  thsatatoof  iU dUforent  parte  1  jr  ilmtrinri  Iwti   ■iiiHi^g 

wirea  with  its  extremities,  which,  wfafli  iwnmd  iiilo  *  povttoa  of  wadar, 
will  exliibit  the  prmluction  of  oxygen  gas  where  they  emit  the  elect ri« 
fluid,  and  of  hvdroc;fri  whw  they  receive  it.  These  procesRew  of  oxidatinn 
and  of  sulfuration  may  he  n]i]y(\md  io  ea<-h  otlier,  nr  Ihvy  may  l>i'  cunihiiied 
in  various  ways,  the  sum  or  difterence  of  the  sepaiatt;  actions  being  ob- 
tained by  their  union ;  thus  it  usuaUy  happens  tb&t  both  the  metels 
employed  an  oxldalil«  in  mdm  degree,  and  the  oaddaHott^-wUdi  tahwplaw 
ai  tha  mtt&ot  of  tfaa  btMar  aoaduetor,  ttnda  to  inpeda  Aa  wliola  effaa^ 
pertajwbybipediiythapaawiyaf  the  fluid  tfctoi^  ilia  awhaaw-  Hm 
aiMat  OKidable  of  tha  matihij  and  protuUdgr  Aa  worst  conductor,  is  sine  ; 
the  next  is  iron ;  then  oona  tin,  lead,  aapfer,  ittmy  gsid,  and  jlaiiBa* 
(Piatf  XT-.  Firr.  653... 565.) 

-  la  the  same  manner  as  a  wire  rhar^ed  with  positive  electricity  causes 
an  extrication  of  oxygen  gas,  so  the  supply  of  electricity  through  the  more 
oonducting  metal  proinotee  the  oxidation  of  the  zinc  of  a  galvanic  battery  ; 
and  tha  afM  af  thiaairealifioiLiiiay  ba  wadfly  a«MMtsd,  by  fadng  >  wtoa 
«f  aiiM^  and  anallMrof  aUvw  or  patina,  fai  a»aAid»  iMt  oaa  andof  aaak 
ia  looae^  and  may  be  bnoght  togaClMr  at  aspantod  ai  ptoaaim :  for  ai  Hm 
aomant  that  the  contact  takes  place,  a  stream  of  bubbles  rising  from  the 
platiDA,  and  a  wliite  cloud  of  oxid  falling  from  the  zinc,  indicate  both  the 
circulation  of  tiie  fluid  find  tbo  increase  of  the  rhemicHl  action.    But  when, 
on  the  other  hand,  a  platv  t»f  zinc  is  made  negative  by  the  action  of  an 
acid  on  tlie  greater  part  of  its  surface,  a  detached  drop  of  water  has  less 
«Aot  on  it,  tiun  in  the  natural  state  :  while  a  plate  of  iron,  which  touches  I 
tha  aim^  and  fowna  >  part  of  tha  oirete  with  K»  ia  tiiy  laadtty  oKidatad  at  i 
dialant point:  aneh Apklaninat  theiafeta  ba  eomldwad,  with  MBaid  4i 
this  effbot,  aa  belngrmada  poritive  by  tlia  sbotateUyivlilalLtl  ngalfaa  fnm 
the  acid  or  the  water ;  unJces  B<^)mething:  like  a  companaatSon  be  supposed 
to  take  place,  from  the  effects  of  induced  electricity.   Instead  of  the  ex- 
irieiUion  of  hydnxren,  the  same  causes  will  sometimes  occasion  a  deposit^oa 
of  a  metal  whi(  h  luis  I  rcn  dissolved,  will  prevent  t!ie  solntion  of  a  metal 
which  would  otherwiije  have  been  corroded,  or  produce  some  effects  which 
ikppear  to  indicate  tlie  presenoe  of  au  alkali,  either  volatile  or  flxed.  All 
thaaa  opanHona  may,  howarcry  ba  Ttiy  mmA  inpedad  by  tlwlntaipaaitfan 
of  any  oonaideniUa  length  of  tvaHuv  or  of  any  otbar  ImpafM  eantoatar. 
(PlalaXL.Fl0.M6.) 

It  is  obvious,  that  ainaatba  onfrant  of  eleolriailyy  produced  by  a  galvaide 
circle,  fadlitalaa  those  actions  from  which  ita  poweia  are  derived,  the  effeot 
of  a  'lonhle  <ipne«»  m\!Ht  be  more  than  twice  as  p^nt  ss  that  nf  a  nineleom : 
and  hence  arises  the  activity  of  the  pile  of  Volta,  tlie  discovery  of  which 
forms  the  Aost  important  era  in  the  history  of  this  department  of  natural 
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knowledff*.  The  intensity  of  the  eiectrical  chan^^e,  and  the  chetnlcal  and 
physiolu^acal  effect*  of  a  pile  or  Katt^ry,  st^tni  to  de^Hud  priucijialls  uii  the 
number  o£  aiteruatioua  uf  aubstAuct^  ;  ike  light  uud  heat  more  on  ilm 
jflini  ngnHnih  of  lb*  fuHues  emplojred.  In  mmmom  elMtncttyy  ih« 
llpaiMibMiippMiBitobt  OMadoiud  .bjr  *  Ivf  •iwithimMn  «l «  dmr 

■niwit  of  kig«  «dti^  idiik  some  other  effects  may  Tery  naturally  ho 
expected  to  depcnrl  on  the  inienmty  at  the  charge,  independently  of  ik» 
cuiantity  of  charged  suifoce.  It  may  easily  he  imfl^iiwl,  that  the  t<»nsioi| 
t'f  tiic  iluid  mwit  he  nearly  proportional  to  tlic  number  of  surfaces,  im- 
I  el  fl  atly  Loiidiuling,  whith  arc  interposed  lit-twi-en  the  ends  of  a  pile  or 
battvry,  tlie  demuty  of  the  fluid  becoming  greater  and  greater  by  a  limited 
fnoattty  nl  toeh  Aip ;  nd  it  is  oaeUjr  nmdnslood,  iknl  «ny  point  of  fcbo 
fyft]njbonBdflmdMirtn],]»7««MHMidoBwlklL  tlio  olrll^^NlUlo  tte 
pwto  wiildi  m  akon  tt  or  UhMir  1^  wiU  ilitt  piMTO  ihoir  idatiM  » 
•ItendwilhtMpecttoeach  other:  tkeonporifte<OiMiiilliob«iag»]iko«hi 
•ppoirito  surface  of  a  charged  jar>  in  oontmyitolMtMid  a  partial  disduHii 
beinp:  produced,  as  often  as  they  are  connected  by  a  condncting  substance. 
The  varinus  forms  in  wluch  tlie  piles  or  troughs  are  constructed,  are  of 
little  cun>t (J uence  to  the  theory  of  their  ojh  ration:  the  most  convenient 
are  the  vurni^ied  trough%  in  which  plat^ii  uf  Mlyered  zmc  are  arranged 
•ide  by  side,  with  intenrening  spaoee  for  the  reception  of  water,  or  <tf  an 
Mid.  (Fhit  XL.  I»7.) 

Itig  nnquMtionaMo  that  tho  torpedo,  Ao  gywnotna  doohrtoaib  and  oam 
oUmt  Mm,  hvn  o^gaao  np^dropfiatod  to  tho  esottalion  of  oliolridfy^  and 
that  they  have  a  power  of  commnnicating  this  ekctriciljr  14  phumrri  to 
conducting  substanceo  in  their  neighbourhood.  Theee  oi^gans  somewhat 
rcsem^sle  in  tlieir  appearancp  the  plates  of  the  galvanic  pile,  although  we 
know  uothinu^  of  tile  immediate  arrangement,  from  wluch  their  electri<^ 
properties  aix  *ierived  ;  hut  the  eflFect  of  the  shock,  which  they  produce, 
resembleb  in  all  respectii  that  of  the  weak  charge  of  a  very  large  batteiy* 
UhMilaolMflBihownlijilie  e^oxisMBta  of  GahMu,  Voita»  and  Aiding 
tbaftiha  lums  and  mMdoa  of  tha  bnnun  My  jnmm  oocm  aMdoal 
powna,attiioiigh.  they^  ans  •oamnh.leiB  oonoemed  in  the  phenomoan  wJUdk 
wen  ti  first  attributed  to  them  by  Galvani,  than  he  originally  supposed, 
that  many  philosopbera  have  been  inclined  to  consider  tlie  excitation  of 
electricity  as  always  occasioned  hy  the  inanimate  substances  employ e<l,  and 
the  spasmodie  c/mtractions  of  the  nniscles  as  merelj  Tfiry  dcUcate  tetite  of 
the  influence  of  foreign  electricity  on  tiie  nerves. 

Such  is  the  general  outline  uf  the  principal  experimeutA  and  ooncluaions 
which  the  subject  of  galvanism  afoded  bilon  Mr.  Davj'a*  kit  Inpaioia 
and  waawhaiv  whiah  InvatfammmiMli  Ugli^  nolonlj.  on  4ha 

faindationflf  tbawholooflMBdaaiof  pb<Mmoaa»hrtaiioonthtnato 
of  chemical  aotiona  and  afinities  in  gonenL  MbDajfyiaimttBidtataiNr 
from  his  a^erimoDti^  that  all  the  attoaattlWMb  vhieh  are  the  caueee  of 
choaMcaiaomhmatioB^dipondantfaaogianita  natwal  olartikitioo  of  tho 

*  Outlmes  of  a  view  of  Gidvanism,  Joar.  of  the  lloy.  lart.  L  49',  AJkot  Hi.  IV. 
1807,  p.  1 ;  UOe,  pp.  1, 3Ui  1^  p.  1. 
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Mt«fl  ooBoenMd ;  sinoe  audi  bodiw  arc  alwtjtfrand,  by  doliaale  Mfiw  ^ 
MchibHy  either  dariog^nhcir  eootaet  or  aflw  icpanlioii,  idmIbb  «f  rtfiTiiriMl 
■peoifls  of  dMtridty ;  ud  ibdr  nmtaal  tMm  may  be  mtliw  «agfiiiaitod 

or  destroyed,  by  iiMBmIng  thair  natural  ehaiges  of  electricity,  or 
electrifying  them  in  a  contrary  way.   Thus,  an  acid  and  a  metal  are  found 
to  be  negatively  and  positively  electrical  with  respect  to  each  othrr  ;  nnd 
by  further  c  U  i  trifying  the  acid  negatively,  and  the  metal  positively,  their 
eomliin  Uion  is  accelerated  ;  but  when  the  acid  ia  poaitively  electriiied,  or 
the  metal  negatively,  they  liave  no  efl'ect  whatever  on  each  other.  Th^B 
add  ia  alao  attfaetod,  aa  a  n^gatire  bo<iy ,  i>y  anothar  poatlMjr  aiadtUM, 
and  tha  makal  I17  a  body  negatively  deotrifiad,  ao  <iiat  a  mttallie  aak  wm^ 
be  deoompoaed  in  tfaa  eirenit  of  Yolla^  Hkt  poaitive  point  attntctlBg  thn 
•aid,  and  tha  nagative  point  tka  matal ;  and  these  attractions  are  so  stroni^ 
aa  to  carry  the  partidee  of  the  reapaotive  bodies  through  any  intervening 
me^liiiTO,  which  is  in  a  fluid  state,  or  even  through  a  mobt  solid  ;  nor  are 
they  intercepted  in  their  passage,  by  substances  wliicii,  in  other  ca.««;8,  have 
the  strongest  elective  attractions  lor  them.    Alkali,  Bulfur,  and  aikaline 
aulfurets,  arc  positive  with  respect  to  the  metals,  and  much  more  with, 
laepect  to  the  adds :  heoca  they  have  a  v«ry  strong  natoral  tendency  to 
aomUna  with- the  adda  and  with  i»zygen :  and  hydrogen  ninat  alao  tie  coof* 
ddaved  aa  bekniging  to  the  asmedaaa  with  the  alkalia. 

Snppodng  now  a  plate  of  adnc  to  deeompoae  a  portion  of  water ;  tha 
oacygeny  which  has  a  negative  property,  unites  with  the  zinc,  and  pro^bly 
tends  to  neutralise  it,  and  to  weaken  its  attractive  force ;  the  hydrogen  is 
repellff!  hy  the  zinc,  and  carries  to  the  opposite  plate  of  silver  its  natural 
positive  electricity  ;  and  if  the  two  plates  l)C  made  to  touch,  the  energy  of 
the  plate  of  zinc  is  restored,  by  the  electricity  which  it  receives  from  the 
nhrer :  and  it  reoeivea  it  the  more  readily,  as  the  two  metals,  in  any  case 
of  their  oontaol^  have  a  tendency  to  become  deetrical,  the  sine  podtively, 
and  the  dlTOr  nagativdj,  Mr.  Davy  therefore  oonaideva  thia  diamifld 
aetion  as  destiojin^  or  at  laaat  eonntaraeting^  the  natnial  tendanej  of  tiie 
deefcrio  fluid  to  pass  from  the  water  to  the  zinc,  and  from  modifications  of 
this  counteraction  he  explains  the  efiects  of  galvanic  combinations  in  all 
cases.  Thus,  in  a  circle  composed  of  copper,  Bulfnret,  and  iron,  the  fluid 
tends  to  pass  from  the  iron  towards  the  «;ulfiiret,  and  fn.iu  the  copper  to 
the  iron,  in  one  direction,  and  in  the  oppo&ite  direction  fruin  the  copper  to 
thcaolfuret,  with  a  force  which  must  be  equal  to  both  the  others,  since 
there  wonld  otfaerwiae  be  a  oontinnal  motion  without  any  meehanied 
canac^  and  without  any  diamieal  change;  hnt  tiie  aetion  of  tiie  aalftuet  oa 
the  copper  tenda  to  dealray  ita  daetromoliTe^  or  ralher  alBelBophorie>  power, 
of  directing  the  current  towards  the  sulfurol^  |nd  its  combination  wtth  tlia 
sulfur  makes  it  either  positively  electrical,  or  negatively  electrical  in  a  len 
considerable  degree  ;  consequently  the  fluid  passes,  according  to  its  natural 
ton  ienry,  from  tlir  ( njiper  to  the  iron,  and  from  the  iron  to  tlie  sulfur^t, 
in  a  third  case,  when  copper,  an  acid,  and  water,  form  a  circle,  the  natuial 
tendeney  is  from  the  acid  to  the  copper  on  one  tide,  and  from  tiie  acid  to 
the  water,  and  from  the  water  to  the  copper  on  the  other ;  here  wenMUt 
sappoea  the  iiiat  force  to  he  only  a  litfl^  weakened  by  the  dMmkal  aetioi^ 
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oirailatioii  ii  datnuuiied^  <WHwigh  rmry  UMj,  ia  «di  a  diiifll&oii»  thii 
tlia  fluid  paawffoia  ttie  add- to  thtoopper.  WImd,  in  Um  ionurtb  plaoi^ 
the  oombinatifHi  eoniiito  of  copper,  tolfiaret,  and  water,  tha  *r**H-^  are, 
flnly  6om  the  copper  to  the  snlfuret,  and  from  the  water  lo  tha  copper ; 
and  Moooidly,  feom  tha  water  to  tha  aolfiiiat :  in  this  inrtance  a  chemical 
action  rnnst  be  supposed  between  the  oxygen  of  the  water  and  the  sulfuiet, 
which  lessens  the  electromotive  tendency,  more  than  the  action  that  takes 
place  between  the  siilfuret  arifi  the  copper,  so  that  the  fluid  passes  from  tlie 
copper  to  the  siilfuret ;  and  the  current  has  even  force  enough  to  prevent 
any  chemical  action  between  the  water  and  the  copper,  which  would  tend 
to  counteract  that  force,  if  it  took  place. 

Mr.  Davy  has  observed  that  the  decompoaiUon  of  the  substances 
aniploycd  in  iba  liattery  of  Vc)l%  la  of  mach  bmic  eonseqncnco  to  their 
activity  than  flithcrthfl&r  condoatiag  power,  or  thdr  idmpla  aalica  ca  iba 
other  elameate  of  the  eeriea:  thna,  the  ealfbzie aeid,  which aoadacCa dea* 
trioi^  better,  and  dieielTee  Iha  nutali  nMna  mdlly,  than  a  aentnl 
aolution,  is,  aotwithstanding,  less  active  in  tha  beiteiy,  beeeaee  it  la  not 
.  easily  de<K>m posed.  Mr.  Davy  hae  alio  extended  his  rmmrrhei,  and  tha 
application  of  his  diaooverie^  to  a  variety  of  natural  as  well  as  artificial 
phenomena,  and  there  can  be  no  doubt  but  that  he  will  still  make  such 
additions  to  his  experiuentfl^  ae  will  be  of  the  gieatert  importanoe  to  thia 
branch  of  science. 

The  operation  of  the  most  usual  electrical  machines  depends  first  on  the 
excitation  of  electricity  by  the  friction  of  glass  on  a  cushion  of  leather, 
covered  with  a  metallic  amalgam,  usually  made  of  mercury,  ziiu  ,  und  tin, 
which  probably,  besides  being  gf  ui^e  in  supplying  electricity  readily  to 
diAtent  peiti  of  the  glass,  undergoes  in  genosl  a  chwnical  change,  by 
means  of  whieh  ema  dectrieitx ie  eatiicated.  The  llnid,  thaaeiaited,  is 
leedved  into  an  tnenleted  conductor  bjnieaaa  of  poAal^  placed  at  a  onall 
diitence  frinn  the  evr&ce  whidi  haa  late^  aade^{one  thaeflaeti  of  fiMcD, 
and  htm  thie  condnctor  it  ie  coayeyed  bj  wizee  er  chaina  to  aaj  other 
paiti  at  pleasure.  Sometimes  a)eo  the  cushion,  inet^d  of  being  aoanaeled 
with  the  earth,  ii  itself  fixed  to  a  second  conductor,  which  becomes  nega- 
tively electrified ;  and  either  conductor  may  contain  within  it  a  jar,  which 
may  be  char^^ed  at  once  by  the  operation  of  the  machine,  when  its 
internal  surface  is  connected  either  with  the  earth,  or  with  that  of  the 
jar  containei  in  the  opposite  conductor.    The  glass  may  be  either  in  the 
form  of  a  circular  jilate  or  of  a  cylinder,  and  it  is  uncertain  which  of  tlie 
amungements  affords  the  pfreatest  quantity  of  electricity  from  the  same 
surface ;  but  the  cylinder  is  cheaper  than  the  plate,  and  less  liable  to 
accidents,  and  appears  to  be  at  least  equally  powerful   (Plate  XL.  Fig. 
^58,  669.) 

The  plato  madnaa  In  tha  T^jlariaa  araesom,  employed  by  Vaa  Xanao, 
^te  wotked  If  two  ana,  ezoited  aa  elaetrieUgr,  of  whidi  tha  stttactten 
wisennUa  at  the  disteaca  of  98  fte^  and  whkb  made  a  point  Inauaaaa 
at  27  feet,  and  aibrdad  apadtt  near{7  24  Inehee  Ic^g.  A  hatteiy  ohaiged 
by  U,  malted  at  once  twenty  five  fset  of  fine  Ilea  wiie»  Mr.  WHeoa  had 
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abo  afcw  ymn  Wgo,  in  the  Pantheon  in  I/ondon,  an  appnTntn*?  nf  ^^fntrtilar 
extent;  th*»  principnl  conductor  was  l.'>0  fept  limir,  and  16  ilK?hw  in 
diameter,  ami  he  omployed  a  circuit  of  4,ii<X)  feet  of  wire.* 

The  electroj)1in)  us  derives  ita  operation  from  the  properties  of  mdticed 
electricity.  A  cake  of  a  oonconductiQg  ftubst&iice,  Goonnonly  of  i«sia  or  ot 
•BKar,  i»  ftm  «Mitod  hf  IMio^  aai  btnoit  iicga4iy«dy  ilii^iiu  8  at 
i—nliOrf  |Jtt»  ^^mmiiMag  m^i^im,  Mag  plwdoB  it^  4mmal  mmm 
iaMiallylaCoeMMUMi  wWi  It  to  MMir*  ill  ilwtohH/»  mtp^xtm  if 
la^MliMiMiifpMllBtliteflftili  low  mahm,  amd  *  tiidir  Me  At  ill 
vpper ;  M  flMl  when  tfali  «pf«r  and  negative  Boxfiws  is  toaehod  hy  m 
sub^nee  commiinieaikiiig^  with  ^e  earth,  H  reeeive?  emmprh  of  the  electric 
fluid  to  restore  tlio  pqiiilihrium.  The  plate  then  hrintr  raided,  the  aetkM  of 
the  cake  no  lon^r  continues,  and  the  electric  it y,  wlii(  h  the  plate  has 
received  from  the  earth,  is  imparted  to  a  en  I\7rtor  *  r  tu  a  jar;  and  th« 
operalioa  may  he  continuaUj  r^^eated,  until  Uie  jar  has  re<%ived  a  chai^ 
«f  m  ialiMty  equal  to  4a«  of  tha  plM»  wte  itfasd.  Ahltoiigh  tht 
qaumy  «f  fiaDtriottjr  rvmiM  \^  ttia  plate,  li  asaoUy  equal  to  1M 
^mtk  h  Miftted  fnm  it  at  aiflh  dteMtioB,  y«l  IAm  epark  ia  loa 
MBsibla;  ilMtha  oM  «f  tin  nrighWpoiluoir  af  tha-eakaia  tafamMa 
the  capacity  of  the  plate,  whale  the  tenmoa  or  force  iinpeBa%  the  fluid  ii 
hut  weak  ;  and  at  the  sasM  time  the  quantity  reoeiyed  is  enftcient,  when 
the  capacity  of  the  plate  is  a;^ain  diminished,  to  produce  ■  HMMph  gTiMtOf 
tension,  at  n  di -stance  from  the  i-nke.    (I'late  XL.  Fig.  560.) 

The  eoinienser  acts  in  some  measure  on  the  same  principles  xsrith  the 
electr(^horu»,  both  instruments  deriving  their  properties  from  the  effectij  of 
induetion.  The  use  of  the  condeneer  is  to  collect  a  weak  electriciiy  from 
a  laiga  ■nbalmoa  into  a  maUar  aac^  ia  aa  la  maka  Ito  demitf  «r  tmtkm 
Mffiilnk^to  ba  wMHiMd.  A  maU  piaH  auMwHei  with  thi  anlilaaiw^  h 
Itaagiit  aoarfy  lalo  eantad  wMk  amtlnr  ]^ala  asBMnndealfa^  witii  tlM 
awHi;.  in  general  a  thin  stmlOR  of  alf  osiy  k  interpoeed ;  hut  eometimea 
a  nonconducting  varnish  is  «aq)loycd  ;  this  method  is,  howerer,  liable  to 
some  uncertainty,  from  the  permanent  electricity  which  the  vamiKh  s<>m^ 
times  contracts  hy  friction.  The  electricity  i«»  nrcumulated  by  the  attrac- 
tion of  thf  jtlate  communicatini^  with  the  euith,  into  the  plate  of  the 
condeuiief  ;  ami  wlien  this  plate  is  first  st;]>arated  from  the  substance  to  be 
axamined,  and  then  removed  from  Uie  o^>|>oi$ite  plate,  ite  eliectricity  il 
alaraja  of  thf  ua  kM  wHh  «hat  nMflk  oHginally  akiited  ImUmw^ 
mmm,  ba*  ks  tsuto  m  so  muck  iiwKirt  m  to  iMdbf  ii  nani  oisUy 
diwo^gaklai  TUa  priaai|iia  hm'  baso  Tsikwlf  appMid  hy-  dMrtMt 
olwtricians,  and  tka  aaaptayMiiof  tka  kartrament  has  beea  flwilitilui  bf 
several  suhordinata  amngeaienti.  <(Flalie^XL.  Fig.  661.) 

Mr.  Cavallo^B  multipliert  is  a  combination  of  twa  condenatrs ;  the 
second  or  auxiliary  plate  of  the  first,  like  the  plate  of  the  electrophorus,  ia 
moveable,  and  carries  a  elunixe  of  tiieetricity,  contrary  to  that  of  the 
gabgtance  to  lie  exaiuiutii,  to  tixe  first  or  insulated  plate  of  the  second 
condexiaer,  whicii  receives  it  repeatedly,  until  it  has  acquired  aa  equi 

*  WtUon'R  Account  of  hk  Experiments,  4to,  1779. 
tl9iek.Jaav.La0C' 
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ON  ELECTttXCITY  IN  HOTION.  m- 
ilntTiH  nf  %mkmi  aad  wte  tba  tw<^  fhtai  «« tlwi  bmIiiiih' m  Hps- 

tha  first  oondoMir.  Th^  force  i%  however,  still  more  rapidly  augOM^eA 
ligr  tlM»  BMlnimeiita  of  Mr.  Bennet*  and  jMbb  Nkliolsoi^t  ahhwiglk  W  hm 
Immd.  supposed  that  these  mstramenis  are  more  liable  to  iDeoxkTeitierae» 
from  the  attachment  of  a  greater  portion  of  electricity  to  the  first  platei 
of  the  5n*^tnimi-nt,  w  liich  leaves,  for  a  very  considerable  time,  a  certain 
<£uaiitity  of  tliL'  ctiEiri^a'  nut  vasily  separahli-  from  it.    Mr.  Benrift  employs 
three  ^  anatslitHi  piaU-Ji  laiti  on  each  otiitr,  Uut  Mr.  Nicholson  has  sulistitxiU-d 
si  Hi  pic  metallic  plates,  approaching^  onh'  very  near  t<»t»fther,      that  tliei-e 
can  be  no  error  from  any  accidental  friction.   In  both  uf  tlicse  instrumentsy 
the  second  plate  of  a  coadenaer  acquires  an  electricity  contrary  and  nearly 
•qiifllloflwtof  thtirstyby  nMtu  of  wlibh  li  bniitfi  »lhinl]^veijr 
iMadjFi»«o  tb0  Me  akitowith  Ih*  M;  md  ulttft  the  fini  and  tlM 
pktM  M»  wnmrtgii  lad  IwJatody  thsy  prodm>  s  diMg»  newly  tww» 
giMtinibetaQoiidpkKiiiiilie  tbfftel  pliUa  beMnoM  ai  tti  awMiiM 
do«bly  ahaiyed  ;  ao  that  by  each  nfatition  of  tUa  |irotSi%  the  inteaa^y  «f 
tlw  electricity  is  neai^  doubled  :  il  is  therefore  scaroelgr  paawWe  tlwt  a&j 
quantity  should  be  so  maU  aata  anifa  detadii  by  Ha  nraraHiai  (PUtm 
XL.  Fig.  662,  563.) 

Tlie  immediate  intensity  of  the  electricity  may  he  measured,  and  its 
clmractcr  distinp:\ii8hed,  hy  electrical  i>aiances,  and  by  electrometi^r^  of 
different  constructions.  The  electrical  balance  measures  tlie  attraction  or 
repulsion  exerted  by  t^\  o  balk  at  a  given  distance,  by  the  magnitude  of  the 
force  required  to  counUsnict  it ;  and  Uie  most  oonrement  manner  of  apply- 
ing thhi  foroe  is  by  the  torsion  of  a  wiro^  whii^  has  been  en^ployed  for  tlie 
purpose  by  Mn  CMonlk|  Tha  quafiittil  alaafaameUr  of  Qc»ley§  ex- 
pMMeatha  m«lmil  lipnham  of  ft  wlTaaMa  ball  jaad  a  ted  ooihimn,  by  ih» 
dIviMa  af  tlia  an^  ta  wliiek  Ite  tett  aaeik  Iheaa  dhimw  da  ml. 
aiadi^daaalalhapioyiitiai^alMi^ttioltfaaaa  thagr  an  still  af 

uliHly  ia  nnertaiinimr  lha  tdantHy  af  ay  twa  rliargfaj  and  » iniMBafag  u» 
haar  Imp  we  sMgr  ▼wtoifr  ta  ptaaatd  In  ofur  loipeEiBients  wHli  aalety ;  and 
the  same  purpose  is  anmaad^ia  a  manner  soaaewhat  lessacniiati^.  tb» 
^eotnuneter^  consisliag  of  two  pith  balls,  or  of  two  straws^  which  an 
made  to  diverge  by  a  srraaller  degree  of  elertricity.  Mr.  Bennet's  dectro* 
nieterjl  i*?  still  iiinrc  rleUcate ;  it  consi'-^.'^  of  two  ^;maM  portians  erf  gold  leaf^ 
suspended  frum  a  piate,  to  which  tht*  Lkctricity  of  any  substance  is  com- 
municated by  contact:  a  very  weak  electricity  is  sufficient  to  make  thera 
divexge,  and  it  may  easily  be  ascertained  whether  it  in  positive  or  negative, 
Uy  bjdngiug  an  excited  stick  of  sealing  wax  near  the  piate,  since  its 
approach  tends  to  produce  by  iukiGtion  &  stale  of  negative  electricity  in 
tlM'  TCBMtME  vdBnMm  af  Aa  laaifii^  aa  Aat  ihafar  dimganaa  la  aiAar 
mrwiaid  ar  diauniahad^  aaaatdiagly  aa  H  ivaa  daaltad  from  nagaCifa  ar 
fan  paritiifa  alaalnaMgr :  a  atvip  af  gald  laai  at  tA 

•  Ph.  Tr.  1787,  pp.  32,  2RR  ;  1  794,  p.  266. 
t  Ibid.  1 788,  p.  403.    Nick.  Jour.  i.395i  ii.  370;  iv.  95. 
:  H  St  PI  Mem.  1 785,  p.  ft69.         f  Til.  IV.  1772,  p. 359. 
N  Ph.  IV.  1787,  p.  24k 
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g-iasH  wliich  covers  tlie  rlectrometer,  opposite  to  the  extremities  of  the 
leaves,  prevents  the  communication  of  any  electricity  to  the  glass,  which 
might  interfere  with  the  action  of  the  instrument.   W  lien  the  halls  af  an 
electrometer  stand  at  the  distance  of  4  degrees,  thej  appear  to  indicate  a 
diaigeiwtiijSliiiMtat  ipMit    whoiJlliey  itud  at  one  degree :  achai^ 
8  times  aa  great  in  eadi  baU  pfodndiig  a  mutual  action  64  timet  as  gnat 
at  anj  giveii  dlatancia,  and  at  a  qvadrapla  dutanoe  a  qnadzupla  force  ;  in 
the  same  manner  a  separation  of  9  degrees  is  probably  derived  from  an 
intensity  27  times  as  great  as  at  1.  In  Lane's  electrometer*  the  magnitude 
of  a  shock  is  determined  by  the  quantity  of  air  through  which  it  is  ohli'jt'd 
to  pass,  between  two  balls,  of  which  the  difitance  may  be  varied  rtt  pica- 
sure  ;  and  t!ie  power  of  the  machine  may  be  estiiauLi  l  by  the  fre  lueiicy  of 
the  sparks  which  pass  at  any  given  distance.    It  appears  from  Mr.  Lane's 
experiments,  that  the  quantity  of  electricity  required  for  a  discharge  i» 
simply  as  ihadista&eft  of  tlifl  sorfaoes  of  the  balk,  tiia  aiiocks  being  twice 
aa  ftcqnmt  wlian  this  diateiioa  is  only  ^  ef  an  indi  as  yrluia  it  k  •/^  llr, 
VoKa  saji^  that  the  indieatkns  of  Laiis^t  and  Hanky's  ckofaraoMter  agre* 
immediatdy  with  each  other ;  bat  it  seems  diffienlt  to  reconcUe  tide  rmmh 
with  the  general  theoiy.  Sometimes  the  force  of  repakkn  between  two 
balls  in  contact  is  opposed  by  a  counterpoise  of  given  magnitude,  and  as 
soon  a?  this     overcome,  th^'v  sfparate  and  fonn  a  etrrtiit  which  discharges 
a  battel  \  ;  whence  the  instrument  is  called  a  discliaiger.   (Plate  XL.  Fig. 
6C4...668.) 

It  must  he  confessed  that  the  whole  science  of  electricity  is  yet  in  a  very 
fanpfltiiBot  stete  s  we  know  liitfe  or  nothing  of  the  intimate  natwe  of  the 
anbataneee  and  aotfams  eoneenied  in  it  t  and  we  ea&  nerer  faweei^  withool 
peerione  eauperimeat^  wheve  or  how  it  will  be  esoited.  We  are  whoiDy 
ignorant  of  the  constitotioii  of  bodisa»  by  wliioh  they  become  poeseseed  of 
diflRnrent  oonducting  powen;  and  we  have  only  been  able  to  draw  some 
general  conclusions  respecting  the  distribution  and  equilibrium  of  the  sup- 
posed electric  fluid,  from  the  laws  of  the  attractions  and  repulsions  that  it 
apjn  ;irH  to  excrt.  Then  seems  to  be  some  reason  to  siuspect,  from  the 
phenomena  of  cohesion  and  repulsion,  that  the  pnssure  of  an  elastic 
medium  is  coucerned  in  the  origin  of  these  forces  ;  and  if  such  a  medium 
leelly  ensta^  it  k  perhaps  neariy  related  to  the  electile  fluid.  The  id^tity 
of  the  gencfal  oawM  of  eketrieal  and  of  galvank  efleele  k  now  donbted  ^ 
Um ;  and  in  tiik  oeutij  the  prindpal  phenoOMiia  of  galvaniam  ait 
nnivenally  oeniidered  aa  dependteg  on  ohemioel  diangee ;  peihaps^  ako^ 
time  may  diow,  that  electricity  b  very  materially  concerned  in  the  essen- 
tial properties,  which  distinguish  the  difierott  kinds  of  natural  bodies,  SS 
well  as  in  those  mirmte  mechanical  actions  and  affections  which  are 
probably  the  foundation  of  nil  chemical  npenitions  ;  but  at  present  it  is 
scarcely  safe  to  hazard  a  conjecture  on  a  sultject  so  obscure,  although  Mr. 
Davy's  experiments  have  already  in  some  measure  jjiatified  the  boldness  of 
tile  suggestion. 

•  Ph.  Xr.  1767,  p.  461. 
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Interesaanti,  MUan,  viii.  127  (1775).  ii.  91,  x.  37.  Wilcke,  Sdiwed.  Abhand.  1  777, 
pp.  54,  116,  200.  Ingenbouhs.  Exp.  and  Theory  of  do.  Tr.  1778,  p.  1027. 
Henky,  ibid.  1778,  p.  1049.  Kraft,  Acta  Pctr.  1771,  p.  154.  AcUard,  Hi*t.  ct 
de  Berlia,  1766.  p.  162.  Klindirortb,  Goth.  Mag.  L  IL  35.  Liehtenbcrf, 
ibid.  i.  II.  42.    Welu  r,  Resohrelhunii  des  Luftplcktroiihonis  Aii-sl>.  1779. 

Cotidensers. — Volta  on  the  Method  of  rendering  very  senaibie  Small  Degrees  of 
Bleetr.  Ph.  Tr.  1782,  p.  237.  Cavallo  on  manifesting  Small  Quantities  of  Electr.  ibid. 
178J^.  p.  I.  Hi.<  Collector,  ibid.  1  7PS,  p.  2.'..'.  Cuthl.erts.m.  Mrli.  Jonr.  ii.  281. 
Read,  ibid.  ii.  495.  Balumibeifer,  Bescbreibui^  Eleklritatsnerdoppeler,  Tubing. 
1796. 

Electrwneters,  ^c.— D'Arcy's  Electr.  Hiat.  et  M^m.  1719,  p.  f.'^,  H.  7.  Rich- 
mann's,  Nov.  Com.  Petr.  iv.  301.  Comua'sjJour.  de  Phy.  vii.  520.  Cantoa'i, 
Ph.  Tr.  xlviiL  350,  760.  Cavallo'f.  ibid.  1777,  p.  388;  1780,  p.  15.  Brooke*!, 
ibid.  1782,  p.  384.  Saussure's,  Voyagea,  iL  202.  Deluc's,  Nouvell.  s  Tdecs  sur  In 
MeteoroUigie,  p.  397.  Lawson's,  Ph.  Mag.  xi.  251.  Mar&haux's,  GUb.  Ana.  xv. 
93,  99,  xvi.  115,  xix.  4  70,  xi.  307,  xxii.  318,  xxv.  4,  18,  xxvi.  29,  123.  Behrena'a, 
ibid,  xxiii.  24.  B')linenber^er's,  ibid.  Ii.  390.  Owitad's,  Pofi.  Ann.  lUi.  612. 
Uwii^a,  Fli.  Tr.  1836,  fi,  447. 
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Galpanitm.^M.  Galvani,  De  "^Hribus  Electf.  io  Motu  Mu5?CTi!nn  roinrnentaria', 
Bolog.  17dl ;  Com.  Bou.  vii.  O.  363.  Mayer,  AUund.  voa  Uolvaui  und  Audxn, 
2  vob.  Pnfae,  1793.  Crcve,  do.  Prankf.  1793.  Volte  on  Galvuii's  DiioovBriM, 
Ph.  Tr.  1793,  p.  10  ;  Annnles  de  Ch.  xxiU.  270,  xl.  255  ;  Nich.  Jour.  flro.  L  155; 
oa  the  Electr.  excited  by  contact.  Ph.  Tr.  1800.  p.  403  ;  on  the  Identity  oT  tlte 
Eleetr.  anil  Galv.  Tltdds,  Bmgnatelli't  Ann.  xix.  38, 163.  CoUeskme  ddl'  Open  i 
Volta,  3  vols.  Fircnxa,  1816.  Pfaff  on  Volte's  Theory,  fiC.  Gilb.  Ann.  x.  219,  htiii. 
273  ;  Schweigger's  Jour.  xlvL  129 ;  Ueberncht  Uber  'dea  Voltaismus,  Stuttg.  im  ; 
Ann.  de  Ch.  xU.  236.  Aldiid,  De  Animafi  BkKtr.  4to,  Boloff .  1 794.  EiperemciBt 
GalTanifin;  ^.  IVilog.  18(12.  E.ssai  Thcoriquc,  2  vols.  Parii,  1  SO  | .  Rift,>r,  Beitiijero 
Niihren  Keutuias  des  Galv.  Jena,  IBOO-S.    Experimoite  and  j^niarka,  Gilb.  iom. 

H.  tU.  tuL  386,  fx.  1,  212,  nH.  1,  265,  xri.  293 ;  Nieh.  Joar.  223,  t9.  Stt 
Su6,  Hist,  dc  Galvan.  2  vols.  Paris,  1802.  Fotircroy's  Experiments,  Ann.  ir  Ch. 
xxjox.  103.  Deluc,  Traill  EUm.  sor  le  Floide  ElActro-galvanique,  2  toIi.  Fans, 
1804.  WQIciiUKm't  Ebmenti  of  Oalv.  2  toIs.  1804.  Bduareri,  Esp.  ed  OIm.  nI 
Galv.  Ito,  Turin,  1816.  Bostock's  Hist,  of  Galv.  1S18.  Parrot,  Handburh  .i<T 
Physik,  vol.  ii.  MuUer,  Elemeate  der  Elek.  and  Elektro  Chemie.  Berlin,  1819. 
Karsten,  Ueber  Contact  Eleetr.  Berlin,  1836.  Ne^ro,  Experimenti,  4to,  Padovi, 
1833,  DauieU'a  Introd.  to  the  Study  of  Chcm.  Phil  1  ^  i  ^.  Golding  Bird'*  xNat.  Fh. 
184. .  Le  Journal  dp  Physique,  Bulletin  de  la  Soc.  Pbilom.,  Annales  de  Ch.,  Gilbert's 
Aunak'ii,  Schwtigger's do.,  Pog^ndorfTs  do.,  Bmgnatelli's  Jour.,  Nich.  Jour., ind 
tiie  other  periodicals  of  thepenod,  contain  numerous  accounts  of  experiments  and 
rcmRrk*  by  Volta,  Nirholson,  Carlisle,  Biot,  Cuvier,  I.rhnf,  Bcrzelius,  Foarcrsj, 
(ininm,  Rittcr,  llcrmbstjult,  Hebcbraod,  Pfaff,  Uourt^uct,  Davy,  Heitlemann,  Rd>» 
hold,  Curtet,  Bouvier,  Erman,  Aldini,  Pepys,  J  i  r,  Bunzen,  Brngnatelli,  Gilbert, 
Von  Arnitu.  Friedlander,  Croickshank,  Eandi,  Robi  rfv/in,  Desormes,  CuthbertsOBt 
Garboin,  Wilkinson,  Rossi,  Gautherot,  Fabroiii,  and  others ;  whilst  the  mia» 
recent  periodicals,  such  a.s  the  Archtres  de  TElectr.,  M^m.  de  Im  Sor  i  Philos.  * 
d'Hist.  Nat.  de  Geneve,  the  Comptes  Rcndus,  JamesonN  ,Tnnr  ,  thr  PbilosopWcd 
Ma?.,  Quarterly  Journal  of  Science,  Silliman's  Joor.  flee,  contain  papers  by  Pfelet* 
Belli,  Fechner,  Becqnerel,  Henrici,  Marteaa,  Marianini*  Parrot,  l^rapcr,  Grore, 
DaMiell,  Hare,  De  la  RiTe.Oented,  SehSnlwin,  Hear,  Andrewi,  Seebedt,  Qoldii«i 
Bird,  and  othen. 

MutktmuHcal  Tkttry  e/  GoAmmIhii.— Ohm,  Die  Oatvaiiiadw  KeMa  Ifathma- 

tiadibearhi  iti  r,  n<rliii,  1S:>7;  transkted  in  Tiylr's  Scientific  Memoirs,  ii.  401 : 
■lao  papem  in  Scbweigg.  Jour.  xliv.  llO^zliz.  1,  IviiL  393,  Uiii.  I,  159,  385.  bar. 
21,  »8,  257,  fanil.  341 1  Pof^g.  Ann.  vf.  459,       49, 117?  flCafiteo'a  Arcbir.  ^m. 

I.  ir)2,  xiv.  475,  xn.  1.  Fc^lnicr,  ^T  i  ivlx  >tiiiiinunirpn  iibcr  die  Galvanische  Kette, 
4to,  Iieipx.  1831;  alao  papers  in  Schweigg.  Jour.  IviL  9,  291,  Is.  17,  Ixiii.  249; 
Hearid  m  Pogg.  Ami.  fin.  277  ;  Fogg,  in  Pogg.  Attn.  Ur.  161,  hr.  43,  W.  353; 
Jacob!  in  do.  Ivii.  85  ;  Draper  in  Pti.  Mat,',  .xv.  2nn,  339.  Heer  in  Bnllct.  <1« 
Sciencea  Physiques  en  Neerlande,  1839,  p.  319 ;  1840,  p.  132 ;  Lens  in  Pogg.  Ana. 
zlvil.  584,  Vix.  203,  407. 

Gahanir  Apparatus.— Tz^m,  Mannel  da  Galvanisme,  Paris,  1805.  Chfldren, 
Ph.  Tr.  1809,  p.  32.  Cruickshank's,  Nich.  Jour.  4to,  187,  254.  Wollaston,  Thom. 
awtt's  Annals,  vt.  209,  and  in  Children's  Account  of  Exp.  with  a  Large  Battery,  «• 
Tr.  1815.  p.  303.  Pepys.  ibid.  1823,  p.  187.  Hare's  New  Theory  of  Galvanism, 
PhUadelph.  1819.  Silliman's  Journal,  vii.  347.  Zainboni,  T/ Elettromotoro 
tuo,  2  vols.  Verona,  1820.  Faraday's  Exp.  Researches,  10th  series,  8tc.  ^^""^^ 
Constent  Battery,  Ph.  Tr.  1836,  p.  117;  1837,  p.  1 11  ;  1838,  p.  41 ;  1839,  p 
1842,  p.  137.  Becqiicrel's  Battery,  Pogg.  Ann.  xxxvii.  429.  Karsten,  Ueber  Un- 
tactelekt.  Berlin,  1838.    Grove  on  a  Gas  Battery,  Pb.  Mag.  x.xi.  417.  ^ 

Animal  ElecMtify.    Sec  also  Galvanism.    Jhrptdo.—Rtdi,  Exp.  Natur.  16W. 
Loreiizi,  Obs.  intomn  alii  Torp.  lf)7«.     Rcaumer,  Hist,  et  Mem.  1714,  p. 
H.  19.    Wabh,  Ph.  Tr.  1773,  pp.  63,  461 ;  1775,  p.  465.    Hunter,  iWd.  Ij^ 
p.  481,  with  pbtes.    Pringle's  DUcourse,  4to,  1775.    Cavendish's  Iroitetion  oT  tw 
Torp.  Ph.  Tr.  1776,  p.  196.    Spallanrani,  Op.  Scelt.  di  Milano,  1783.  Mem- 
delbi  Soc.  Ital.  ii.  603.    Girardi,  ibid.  Ui.  553.    Langgath,  De  Torp.  4to,  WiR. 
1784.   Volte,  BmgnatelK's  Ann.  1805,  p.  223.    Humboldt,  Ann.  dc  Cb.  b  JJ- 
H.  Davy,  Ph.  Tr.  1829,  p.  15  ;  1932,  p.  259.   J.  Daw.  ibtd.  1H3I,  p.  531. 
ladon,  Comptea  Rendua,  1836,  p.  490.   Linari,  ibid.  1836,  p.  46.  Matteod,  Aiw- 
de  PEIeetr.  M.  158.  Plmwedtng*  of  the  Eleelrieal  Society,  p.  612.  . 

GywnofM*.— Richer,  Hist,  et  Mt^in.  1.  116,  vii.  11.02.  Berker, 
Rio,  1680.  Williamson,  Ph.Tr.  1775,  p.  94.  Garden,  ibid.  1775,  p.  102. 
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ibid.  1775,  p.  395.  Ginsan,  De  Gjrm.  Tiibing.  1819.  Sclmnbfin,  Arch,  de 
I'Blectr.  !.  445.  Faraday,  Ph.  TV.  1839,  p.  1.  Letheby,  PrucccUmgs  of  the  Electr. 
8oc.  p.  3G7. 

Other  .^mwa^ff.—GeofTrovf  Anatomy),  Bullet,  dela  Sor.  Pliilom.  No.  70  ;  M^m. 
dm  Musee  d'Hbt.  Nat.  i.  392.  Rodolphi,  Abh.  der  Akad.  Berl.  1820,  p.  223. 
Marianim,  Sopra  la  Soom  dw  provaao  gli  AtrinaU,  Tflaies,  182S.   Dtt  Bois,  Bogg. 

Ann.  pp.  Iviii.  1.  Qua?  apud  Vctercs  cxstant  \r::iirnrntn,  P.rrl,  18-13.  Nohili,  Delia 
Rana,  M^.  L  135.  Matteuci,  Ardu  de  1' Electr.  ii.  628,  419,  iiL  5.  £«aai  nir 
1m  Phte.  Elfletr.  det  Anhmnix,  Ms,  1840. 

Mineral  Elecfricily. —'WHmti  on  the  TourmalinR,  «cc.  Ph.  Tr.  17r»9,  p.  308; 
1762,  p.  443.  Due  de  la  Noya  Caraffa  Bur  la  Tourmeline.  Ito,  Van*,  1  7' 9.  Ap|>inus 
sur  do.  Fetersb.  1762.  Muller,  Au  Born.  4to,  Vienna,  1773.  Bcfj^iaaun,  Ph.  Tr. 
1766.  p.  236.  Zallin^er,  Vom  Tourm.  Vienna,  1779.  II mv.  Hist,  et  M^m.  1785, 
p.  200  ;  Ann.  de  Ch.  ix.  59;  M&n.  de  I'lngt.  i.  19  ;  Traiti-  des  Charactrrcs  des 
Fierrea  Prmeuses.  Paria,  1817,  p.  146 ;  Traite  de  Min^ralogie,  1822,  p.  206. 
Becquerel,  Ami.  deCh.  xxrrii.  1,  355.  Breirstcr,  Ed.  Jour.  fl.  308.  Forbct,  Ed. 
Tr.  xiii.  27.    Riegsand  Rose,  Pouz  Ann.  lix.  r)53. 

TAermo-BUetrieiip,^Scebeck,  Abh.  der  Akad.  Bcrl.  1822 ;  Fogg.  Amu  vi. 
pp.  1,  133,  253.  Ydiii,  Der  TlieraiioiiMi|iietinnu8,  Mondi.  1823.  Chmmfaig, 
r  iinb.  Tr.  ii.  1,  Becquerel,  Ann.  de  Ch.  xxiii.  135,  xxxi.  371,  xli.  353.  Sturgeon, 
Ph.  Mag.  1831,  p.  1,  116.  Pomllet.  Comptea  Rendii<«,  v  7B5.  Prideaux,  Ph. 
Mag.  iij.  205, 2C2,  398.  Andrews,  ibid.  x.  433.  Watkms,  ibid.  xi.  304.  WheaU. 
■tone  on  the  Tliermo-electiio  Sptric,  ibid.  X,  414.  Uattnd,  BibUot.  Unit.  sr.  187 ; 
Ardu  d«V£lectr.u.  227. 


LECTURE  LV. 

ON  MAGN£TISM. 

Thb  theory  of  iiuigDetiBin  bears  a  very  fltrong  resemblance  to  that  of 

electripity,  and  it  mtist  thorpfore  be  placed  near  it  in  a  fi3'st€m  of  natural 
philn«fij^h y.    We  hnvc  seen  the  eloctrie  fluid  not  only  excrtinc^  attraction!* 
and  n  pulsions,  and  causing  a  pt  culiur  distnbntion  of  neighbouring  por- 
tions of  a  fluid  similar  to  itself,  but  aii>o  excited  in  one  body,  and  trans- 
ferred to  another,  in  such  a  manner  as  to  i>e  jMgrceptible  to  the  senses,  or  at 
least  to  cause  sensible  effects,  in  its  passage.    The  attraction  and  repulsion, 
and  the  peculiar  distribution  of  the  neighbouring  fluids  are  found  in  tiM 
flunonkeiiaaf  magnetiam  ;  bntiro  donei  psEeHtv  iktA  thtie  is  ever  taj 
•ofcual  ezeittttotty  or  any  perceptftle  itrndet  of  the  magnetio  fluid  from 
€11*  body  to  aaolte^stinet  body  ;  fliMl  HbM  ain  tUs  slrildti^ 
IhatBMtaflle  inm  is  twy  nesrty,  if  aol  ahnhitely^  tin  eoly  snbttaM 
MyMs  of  eaddbidng  ny  jwimrtiom  of  it>  piwwii  er  «ctii«Uy. 

For  explwniag  (ho  phenomena  of  magoetisni,  we  suppose  the  particles  of 
ft  peenUAT  fluid  to  lepel  each  other,  and  to  attmct  the  particles  of  metaUie 
llM  with  equal  forces,  diminiahing  as  the  equate  q£  the  distance  increases ; 
and  the  particles  of  such  iron  must  also  he  imagined  to  repel  each  other,  in 
a  MJnilnr  manner.  Iron  and  steel,  ^vhen  soft,  are  couductors  of  the  rnag- 
neiir  fiuifhnnfi  luroiiip  lo-^s  and  !es.s  perrious  to  it  as  their  hardnes.*;  in- 
crfA«es,    Tiie  ground  work  of  this  theory  is  due  to  Mr.  Aepinus,*  but  the 

•  See  p.  -A^ 
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fovces  lunre  bem  wm»  pttKcQtoily  ln?«tigalBd  bj  Ctelonb*  mA  ote. 
There  am  the  Mme  objections  to  iheie  hypotheses  as  to  ihoee  which  ooft- 
stitute  the  tlioory  of  electricity,  if  considtfed  M  original  and  fimdamental 
properties  of  matter :  sjid  it  is  additionally  dif^lt  to  imagine,  why  iron, 

and  iron  onlr,  whether  apparently  mngnetic  or  not,  sliouhl  repel  amUa 
particles  uf  iron  with  a  peculiar  fort-e,  wliich  happens  to  l>e  prediielyi 
balance  to  the  attraction  of  the  masrnetic  Huid  for  iron.  TJiis  is  obrion^lT 
improbable  ;  but  tlie  hyputheses  are  still  of  great  utility  in  assisting  us  to 
generalise,  and  to  retain  hi  memory,  a  number  o£  particular  facts  wbicb 
vonld  cih«rwisa  be  inaokfeed.  The  doetrina  of  tha  cimltttfen.  of  atntaf 
of  the  magnetic  fluid  haa  been  juitly  and  univtmlly  abandoned,  and 
aome  other  Ibeoriea^  much  more  ingenious  and  more  probable^  for  insttoci 
that  of  Bfr.  Pr<vo8t,t  appc  rir  to  be  too  complioated»  and  too  little  nppartrf 
by  facta,  to  require  much  of  our  attention. 

The  distin'-ti'tn  hetwceii  o*>ii<luft.>r^  ;inJ  noncornlnctors  h,  with  rcs}»oet 
to  the  electric  tiuiil,  irregular  ami  iutricato  :  but  in  iiia^ietism,  tlie  softueil 
or  hardness  of  the  iron  or  steel  constitutes  the  only  dittVrence.  Heat,M 
softening  irua,  must  coutjeijucutly  reiuler  it  a  conductor:  even  the  heat  of 
boiling  water  affects  it  in  a  certain  degree,  although  it  can  scarcely  be  sup- 
posed to  alter  its  temper  ;  but  the  efiect  of  a  moderate  heat  ia  not  so  eoB* 
mderable  in  magnetiam  as  in  dectiicity.  A  strong  degree  of  heat  appeal^ 
from  the  ezpetimenta  of  Gllberl»}  and  of  Hr.  Gavallo,!  to  dealny  con- 
pletely  all  magnetic  action. 

It  ia  perfectly  certain  that  magnetic  effects  are  produced  by  (juantitiw 
of  iron  incapabk*  of  beini?  detected  either  by  their  woi:^'ht  or  by  any 
chemical  tests.    Mr.  Cavalio  ||  found  that  a  few  jiarticles  of  steel,  a<llierinp 
to  a  hone,  on  which  the  point  of  a  needle  was  slightly  rubbed,  ini])artedto 
it  magnetic  properties ;  and  Mr.  Coulomb^  has  observed  that  there  iie 
scarcely  any  bodies  m  nature  which  do  not  exhibit  some  marks  of  baiV| 
aabjeetod  to  the  infloenoa  cf  magnetiamt  although  ita  lot<oe  la  alm^v  p<v* 
portioul  tothaqtiaiitilyof  iranwhiokliMyeantaa^aafiurna  tfasb^otf^ 
titj  can  ba  aaaartatoad ;  a  dingia  giaia  Mng  saffiaient  to  make  2D  poodi 
of  anoihar  malal  sensibly  magnetic   A  combination  with  a  Jaige  propel 
tlon  of  oaqrgaa  d^nivaa  iron  of  the  whole  or  the  gaeater  part  of  iii 
tnagnetic  properties ;  finery  cinder  is  still  considerably  ma^rnetic,  l>iit  th« 
tnore  p<*rfcct  oxids  an<l  the  saHs  of  inni  only  in  a  p]v_rht  degree  ;  it  is  also 
said  that  aTitimony  renders  iron  incapable  of  bcini:  attracted  hy  the  uia^,'ii«fc  j 
Nickel,  when  freed  from  arsenic  and  from  cobalt,  is  decidedly  magn«*W»  [ 
and  the  more  so  as  it  contaiiis  iem  ircm.   Some  of  Uio  okler  cfaemists 
posed  aickal  to  to  a  aampennd  nnlal  oaniaiaing  ira%  and  we  mA/ 
ttatoMtD  asaamathia  opioaan  aaa  magoaliaal  hjpolhtsiak  llMfc  ^  ^ 
dead  bo  way  «f  demontffiialiiig  that  it  is*  impoiHUe  lor  two  a«bMM»^ 
baaooBltedaa  to  to  iaaapabla  of  aapanlian  by  tfaa  arl  af  tto  «h«iMt 

♦  Hist,  ct  Mem.  1785,  pp.  569.  578  ;  1789,  p.  455.    Mcia.  de  I'lnstit,  fit 
t       I'Origine  des  Forces  M.ic^netiqBes,  OAidve, 

:  De  Magnete,  fob  Load.  1600*  ] 
'  §  Ph.  1  r.  W87,  i».  a.  II  ibid,  J  7$a.  p.  62. 

1  Balielfn  de  b  Soc.  Philom.  No.  Gl ,  G3.   Jow.  de  Riy.  llv.  24«,  267, 4S4.  ^ 
Tonag,  Joor.  of  the  R07.  lust.  i.  U4,  2I^>  ' 
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iuid  mMmI  btiai  d— 8a»  pUtina,  or  as  liglit  Mcorit^  we  ptM  mni  hMn 
Mppoaad  tin*  it  — ntAiH  any  oooadanUft  qviiitily^  at  iron,  but  ia  fiwi 
ihm  Bpedfio  giafUy  of  thesB  BMtabii  twy  niMljr  th«  atBi%  and  iikkal  i$ 
■MTcr  Iband  in  nataia  M  in  liw  ne^^bbmniMtd  of  ivoii ;  «•  nay  thanfom 

•aspect,  with  some  reason,  that  the  hypotitaiaof  the  exietenoe  of  iron  in 
ttiolDd  Bugr  iM  aven  ehemieally  ftrna.  TIm  aurom  bwwaMi  la  oaftaiiUy  in 

some  measure  a  magnetical  phraomennn,  and  if  iron  werq  the  only  Buly- 
«tance  capable  of  exhibiting  matmctic  effects,  it  wouUI  follow  that  ftotnc 
■ferruifinoiis  particles  must  exist  in  tlie  upper  regions  of  the  atmot*pherc. 
The  \\v:hi  ii»uaHy  attending  thi.s  muguctical  meteor  nmy  possibly  be 
4j€Jrived  from  electricity,  which  m&y  be  the  inuuediat*  vww^e  of  a  chaniie 
of  the  distriimlioii  of  the  magnetic  iluicU  <<)ntiuueii  iu  ikud  k'rruguiuiM 
vapours,  that  are  iniaf^iueii  to  float  in  the  au. 

We  are  stiii  kati  oapable  of  Jii>tiiiguisking  with  certainty  in  magnetisov 
tlun  la  alaolridty,  a  poaitim  from  a  negatire  state,  or  a  laal  lidt^^ 
the  llnid  fimn  a  detoiancy,  Tka  aatlh  pafe  of  n  nagne*  aagr  ba  ooap 
Mned  aa  tilt  poH  in  wbkh  tlM  ongBciae  inid  ii  dllMr  xad^ 
MflBt^  piavidod  thai  tiM  ooutti  polo  be  uadetslood  in  a  ocmttiay  ianaa  t 
lilitfB»  if  ike nofftii paia of  anagnct  b»  aippoMd  to  ba  poiitlfiBljr  cbaiged^ 
lha  aontii  polaaraat  ba  iau^fuiad  to  banigativa ;  and  in  bard  iron  iv  atoel 
llMae  poles  may  be  considered  na  narhaageable. 

A  nortli  pole,  therefore,  always  repels  a  aaitb  pole,  and  attracts  a  south 
pole.  And  in  a  neutral  |»ece  of  soft  iron,  near  to  the  north  pole  of  a 
magnet,  the  fluid  becomes  so  distributed  by  induction,  as  to  form  a  teni- 
porar)'  south  ynile  next  to  tJie  nmgnet,  and  tlie  whole  piece  is  of  cfuirse 
attracii'd,  from  the  ^'ii  ater  proximit}  of  the  attracting  pole.  If  the  bar  is 
sufB<^ntly  Hf)ft,  and  not  too  long^  the  remoter  end  becomes  a  uorih  |>iile, 
and  the  wlioie  l»ar  a  perfect  temporary  mi^^ji^  liufc  when  the  bar  is  of 
hard  steel,  the  state  of  induction  is  imperfect,  from  the  ^e^Ji^t«ince  op|K)sed 
to  the  motion  of  tho  fluid  ;  hence  tlie  atlniction  is  leas  powerful,  aud  an 
opposite  pole  iifcnaed,  at  a  certain  distance,  vithin  the  bar ;  and  beyaal 
Una  •wttMr  pok,  tiMila»te1h»tet(  tiiaaltaiDaiw  brag  aonalteMi  so- 
peatednwretbanonoe^  IliedktnbnlieBof  tte  fttid  vUfaiA  the  Bwgnet  is 
alio  afctHi  bj  the  iiBigliboah0ad  flf  m  fiaoe  of  lalt  k»np  tha  aatlh  polt 
baoeadng  nori  paMfiil  bjr  Ika  «icii%  of  Iba  new  aMibt  pe^  aad  tba 
•oodi pib  baiag  oonsequentl|r  atojagthinadia  aaMtiii  dsgiae ;  so  that  the 
•Maiallva  power  «f  the  wfaaia  jaagnet.  ia  inenaaed  hf  Iba  pmxunity  of  the 
biB.  ▲  wnk  magnet  iaaapaUe  of  reoeifiag  a  Innporary  induction  of  a 
^aaUMf  magnetism  from  the  action  of  a  mors  powerful  one,  its  north  [M)le 
becoming  a  south  pole  on  the  appros^b  of  a  stronger  nortli  pole:  hut  thp 
original  south  pole  still  retttins  it^^  situatii'ii  at  thv  f>p]M  -iti  i  nil,  aud 
ivHtorcs  the  magnet  uoariy  to  its  original  fQtt4iti«fi»  aiter  the  nonoval  of 
the  distiirbjffir  raiise. 

The  polariU  uf  luugnets,  or  their  dispof^ition  to  assume  a  ceitaiu  direc- 
tion, is  of  still  greater  importance  Uiau  thdr  attractive  power.  If  a  t>maU 
n^net,  or  nmply  a  soft  wire,  be  poised  <m  a  centre,  it  will  arxajige  iteelf 
in  8Qcb  a  direction,  as  will  produea  an  eqnUibrinm  of  the  attiactionf  and 
repubdona  of  the  polea  of  a  Uiger  magnet ;  being  a  tat^eut  to  a  faftrip 
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oval  figure  passing  through  tli^is*.  [  ^les,  of  wiiich  the  proutrti' s  liave  btjeii 
calculated  by  various  maLheiiiaticians.  This  pularity  m&y  v&^y  he 
imitated  by  electricity  ;  a  suspended  wire  bein^  brought  near  to  the  eiuls 
of  a  pmlxn  and  nagmtfre  oo&diiotor»  whieh  an  placed  pttiaUfll  to  «*dk 
oth«r,  as  in  Nairne's  elfcttkal  machine  its  pooUion  ia  pvfiwtiy  linulAr  t* 
tliat  of  a  needlt  attnMted  by  «  magnet  of  whieh  thsae  ooodnelon  npn- 
sent  the  poka. .  (Phite  XU.  Fig.  609.) 

The  same  effect  is  observable  in  iron  filings  placed  near  a  magnet,  and 
they  adhere  to  each  other  in  curved  lines,  by  virtue  of  their  induced  mag- 
netism, the  north  pole  of  ovirh  particle  luin?  attached  to  fb*'  sniith  pole  of 
the  particle  next  it.  This  arrangement  may  be  seen  by  ])lacing  the  tilings 
either  on  clean  mercury,  or  on  any  surface  that  can  be  agitated  ;  and  it 
may  be  imitated  by  strewing  powder  on  a  plate  of  glass  supported  by 
two  ballsy  which  are  contrarily  electrified.*   (Plate  XU.  Fig,  570.) 

The  pdaiHjr  ola  needle  maj  often  he  oheeml  when  it  exhibits  no  ifltt- 
aible  attiaekioa  or  lepnUon  as  a  whole;  and  thu ma j easily  be  undaiatood 
by  oonsldeiiBg  that  when  one  end  of  aneedlo  iszepeUedfiNNisa  given  poinl^ 
and  the  other  is  attracted  towards  it,  the  two  foreea,  if  equal,  will  tend  to 
turn  it  round  Its  oentN^  but  will  wholly  destroy  each  other's  effects  with 
respect  to  any  progressive  motion  of  the  whole  needle.  Thus,  when  the 
end  of  a  magnet  is  placed  under  a  surface  on  which  iron  filinir?  nre  spread, 
and  the  surface  is  shaken,  so  as  to  leave  the  particles  for  a  moment  in  the 
air,  they  are  not  dra\Mi  si  iisii)ly  towards  the  raairnet,  but  their  ends,  which 
are  nearest  to  the  point  uver  the  magnet,  are  lunifd  a  iiiile  downwards,  so 
that  they  sCiiiGe  the  paper  further  and  further  from  the  magnet,  and 
liiU  outwards,  as  if  they  wen  lepeDod  by  it.  (Hate  XU.  671.) 

The  magnets^  whieh  we  hm  hithaitooonsidemdyanoDohaa  have  a 
pie  and  well  determined  form ;  but  the  great  eompoaml  magnet,  whidh 
directs  the  mariner's  compas^  and  whIdh  appears  to  consist  principally  of 
the  metallic  and  slightly  oxidated  iron,  eontained  in  the  internal  parts  of 
the  earth,  i-^  proI>Mbly  of  n  far  more  intricate  structure,  and  we  can  only 
judge  of  its  nature  from  the  varinvis  phenomena  derivetl  from  its  influence. 

The  accumulation  and  the  JcfKi*  iicy  of  the  magnetic  fluid,  which  deter- 
mine the  place  of  the  poles  of  this  juagnet,  are  probably  "m  fact  consider- 
ably diffused,  but  they  may  geueraliy  be  imagined,  without  much  en»r  in 
the  reanl^  to  eenfio  ia  two  poinli^  one  of  them  neater  to  the  neilk  pels  ef 
the  earth,  the  other  to  the  sooth  poteb  In  eonseqnenoe  of  their  attradiaas 
and  repttlsiona^  a  needle^  wMte  prvfionaly  nagnatio  or  no^  mbums 
al  wayf^  If  finely  poised,  the  dirsotkm  neeeasaxy  for  its  eyiffibiinm  i  vhielw 
in  varions  parte  of  the  globe,  is  ^rarioasly  inelined  to  the  meri^an  and  to 
the  horizon.  Hence  arises  the  use  of  the  compass  in  navigation  and  ia 
surveying  :  a  needle,  which  is  poised  with  the  liberty  of  liorizontal  motion, 
assuming  the  direction  <>f  tbe  magnetic  meridian,  which  for  a  certain  time 
remains  almost  invariable  tor  the  same  place ;  and  a  simibn-  {  ropei  ty  is 
'abo  observable  in  tlie  dipping  needle,  wWch  is  moveable  uuly  in  a  vertical 
plane ;  for  when  this  plane  is  placed  in  the  mngnetic  meridian,  tlie  needle 

Bazin,  Descrip.  des  Courans  Mag.  en  15  Planches,  4to,  Stnwb.  1753.  Roget, 
Mr.  «f  the       M 1881,  p.  311. 
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aequlres  an  infiltimtikm  to  the  horlaan^  wiikh  maim  Mooiding  t<  >  the  aitoa- 
tion  of  theplMewitiiiwpeettotlnaiaeiMliepoJit.  (FUteXLI.  £lg.«7^ 
573.) 

The  natural  po^nrity  of  the  needle  may  be  in  some  measure  illustrated 
V»y  inelosint^  an  artificial  niaf^net  in  a  globe  ;  the  direction  of  a  small  needle, 
su6j>eii<ied  over  any  part  of  its  surface,  being  determined  by  the  position  of 
the  poles  of  the  maguet^  in  the  >;inie  manner  as  the  directioi^of  the  compass 
is  determiiti  .1  hy  the  magnctaai  poles  of  the  earth,  althoutrli  with  much 
more  regularity.    In  either  case  the  whole  needle  is  scarcely  more  or  lea 
attracted  towftrds  the  globe  than  if  the  influence  of  magneUsoi  wcra 
vaiuyvvd ;  tsoept  whn  the  small  nsedk  k  phood  iwey  mar  to  one  of  the 
poles  of  the  artifleiel  magnet,  or,  on  the  other  handy  vhea  the  dipping 
aeedle  ii  em|Joyed  in  the  nrighbooihood  of  eome  etrela  of  famigliMWieeah- 
afcaaoee^  whieb,  ia  jpastieidar  peite  of  the  earth,  faiteifiDe  materiall j  with 
the  men  geoenl  elleels,  aid  alter  the  diieetion  of  the  magnetic  meridian. 

A  bar  of  eoft  iron,  placed  in  the  rftaation  of  the  dipping  needle,  acqqiiee 
Ikom  the  earth,  by  inductuHiy  a  temporary  state  of  magnetism,  which  may 
be  rerersed  at  pleasme  hf  reversing  its  dizectioA ;  but  bars  of  iron,  whidi 
have  remained  long  in  or  near  this  direction,  assume  a  permanent  polarity ; 
for  iron,  even  w  hvn  it  has  been  at  first  quite  «<)ft,  becomes  in  time  a  little 
harder.  A  natural  magnet  is  no  move  than  a  heavy  iron  ore,  which,  in  the 
course  of  ages,  has  acquired  ;i  strong  polarity  from  the  great  primitive 
magnet.  It  must  have  lain  in  some  degree  dctiiched,  and  nmst  ])oasefes  hut 
little  couducting  power,  in  order  to  haTe  received  and  to  retain  ittt  iuag> 
netism. 

We  eannoty  ftom  any  ewumail  aitoatioii  of  two  or  men  magnetie 
poles,  eaknlate  the  tme  positienof  theneedlefor  eUplaeee ;  and  eren  in  the 
euneplaoe,  itedireetieniaeliaerfedtoehaageiBtheooniMef  yeaii^Meeid^ 
bg  t»  a  lawwfaieh  hae never  jretheoi  gsneraUy  detoRoined,  although  the 
▼arlatlen  whieh  hat  been  obeervedy  at  aaj  cm  plaes^  aineethe  diiooireiy  of 
Ihe  eompiai,  may  perh^  be  oooipffehnided  in  eame  very  intricate  expras- 
mons ;  but  the  leee  dependenee  can  be  placed  on  any  calciilatioMS  of  thia 
kind,  as  there  is  reaaoa  te  think  that  the  change  depends  rather  on  chemical 
than  on  physical  canees.   Dr.  Ualley*  indeed  conjectured  that  the  earth 
eontanied  a  nnrlenfl,  or  separate  sphere,  revolving  freely  within  it,  or  liitlier 
floating-  in  a  i\md  contained  in  the  intermediate  space,  and  causing  the 
variation  of  the  magnetic-  nieridinn  ;  ami  others  have  attributed  the  effect 
to  the  motions  of  the  ctlf  ■>tial  ln.iit^sj:  hut  in  nther  case  the  changes  pro- 
duced would  have  been  nmcii  more  regular  and  universal  than  tho»e  which 
have  been  actually  observed.    Temporary  change  of  the  terreairtrial  mag- 
naHm  bare  certainly  bean  eometimee  oecaAfd  by  other  eanaea;  eaeh 
eaniean^  tfaereion^  noet  likely  te  be  cnenied  in  the  men  pemaneai 
■Bwti.  Thn%  the  eniptiaB  of  Meant  Heda  waa  fonnd  to  dereage  the 
poMn  ef  the  needle  eoniidembly ;  the  anroea  bonaliet  haa  been  observed 
toeaitw  ita  north  pole  to  move  6  or  7  degrees  to  the  weetward  of  ita  ueiial 

«  Ph.  Tr.  1693,  p.  563. 

t  See  Ango,  Ann.  de  Ch.  zuda.  8d9.  Foa.  Fb.  Tir.  18Sl»  p»  199»  Sabine, 
Obkoi  Defsef  aanaaal  Uag*  Pisfitence,  4lo,  1843. 
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position;  anil  a  still  more  remarkable  change  c^ccnrs  continually  In  ilw 
diunial  variation.  In  the«e  rlinmtes  the  north  pole  of  the  ueedie  movea 
slowly  wwjtwnnls  from  al.oiit  8  in  tlie  nidrnms'  till  2,  and  in  the  evenin^r 
returns  a^in  ;*  a  change  which  has  with  great  probabiiity  been  attributed 
to  the  temporary  elevation  of  th»  temperature  of  the  earth,  uaaCviaiilf 
of  the  plaoflof  ubwiyilfaii,  whore  tin  •im't  aetian  takes  pkm  at  am  nariiar 
hour  hi  the  mqpiing,  and  to  the  dfaaimlioii  of  the  megnetie  BUtMlIwi  ia 
ooneequenee  of  the  heei  Ihns  cMnantiiioatod.  In  winter  tUe  itmaHAm 
smonats  to  abovt  7  mfamtee,  hi  ftunmer  to  18  or  14. 

Important  as  the  nsc  of  the  compass  is  at  present  to  Bairigalkm,  it  woold 
be  still  more  valuable  if  its  declination  from  the  true  meridian  were  con- 
stant for  the  same  place,  or  even  if  it  rarie  I  according  to  any  discoverable 
law  ;  since  it  would  afford  a  ready  mode  ot  determining  tlie  longitude  of  a 
place  by  a  comparison  of  an  astronomic«l  observation  of  its  latitude  vnih 
another  of  the  magnitude  of  the  decUnation.  And  in  some  cased  it  may 
em  now  be  applied  to  this  purpose,  when  we  hsv«  a.  cettecthm  of  kte  and 
nmnerone  obMmlionfl.  Snoh  obeervilioiiB  hsre  inna  time  to  tune  been 
amnged  in  ohsrti^  fiunlihed  with  Unee  indienting  the  magnitude  of  tha 
declination  or  Tariatfon  at  the  phwee  tluongh  which  thej  pass,  b^ginninig 
from  the  line  of  no  variaUon,  and  pfoceeduig  on  the  oii^<»rite  aides  of  thin 
line  to  show  tlie  magnitude  of  the  variation  east  or  west.  It  b  obvious 
that  the  intersection  of  fi  iriven  parallel  of  latitude,  with  tlie  line  showing- 
the  magnitude  of  the  variation,  will  indicate  the  preciae  situatiou  of  t^ 
place  at  which  the  ()h(*er  vat  ions  have  been  made. 

The  line  of  nu  variation  passed  in  lGo7  tiuuugh  London,  and  iu  1G6Q 
through  Paris  :  its  northern  extremity  appears  to  iiave  moved  eontinually 
eaetwafde,  and  ite  aoathem  parte  weetwude;  and  it  now  panea  tiuna^ 
the  middle  of  Asia.  The  opposite  portion  eeeme  to  have  mawad  mere  nal- 
formly  westwards  ;  it  now  rans  from  Nofth  Anvfaa  to  tha  middia  of  Hm 
South  Atlantioi  On  the  European  side  of  these  lines,  the  declination  is 
westerly ;  on  the  South  American  side,  it  ia  eaalnrly.  The  vari^on  in 
London  ha«  been  for  several  years  a  little  more  than  24°.  In  the  West 
Indies  it  changes  but  slowly;  for  instance  it  was  6°  near  the  island  of 
Barbadoes,  from  IJOO  to  1766.  (I'late  XU.  Kg.  671..  676.  Plate 
XLII.  XLUI.) 

Tb»  dqi  of  tibe  aerth  pole  of  the  needle  in  the  neighbourhood  of  London 
ia7l».t  Hcaaethekwaraadof  a  baretandinguprighl^aea  poker,ora 
hanpistMiybeoQOiesaiwafianerthpQls^aad  thatflnpoiasyaaath  pole  «f 
a  pieea  of  soft  iron  behig  nppsBneal^it  iaaQmewhatmeaeetaonglbfattiaeted 

by  the  north  pole  of  a  magnet  plaoid  over  it,  than  by  its  soath  pale;  tha 
distribution  of  the  fluid  in  the  raegnet  its^f  being  also  a  little  more  favoniw 

able  to  the  attraction,  while  its  north  pole  is  downwards.  It  is  obvious 
thfit  the  magnetism  of  the  nortliern  magnetic  pole  of  the  earth  must 
resemble  that  of  tlie  south  pole  of  a  magnet^  aiuoe  it  attracts  the  moth  poJe  j 

*  Graham,  Obs.  madem  1 722.    Ph.Tr.  xxxiii.  96,  383.   ThedaS^TBriatiaB  bis 

been  more  acvurntt  ly  observed  hy  Christie,  Ph.  Tr.  Id23*d«7;  «mI  St  GMngmp  fcf 
GokiMduuidt  and  otLera,  Res.  des  Mag.  Voeins,  v.  y. 
t  Itisnoweboat69o. 
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it  is  impoHiU*  to  find  aay  pltMi  iot  tm,  at  en  in  a  greatoriuiabar  of 
BMigMfti*  polas  wliidi  wlU  eomcftly  cxpbin  ihe  dimitko  of  the  inedk  in 
•iwngr  pnt  of  the  aerth'e  aute^  yet  the  dip  nu^  be  -iffiinnimHi  itHk 
Aoleimble  accuracy,  ftoam  the  sappomtion  of  a  small  magnet  plaMd  al  the 
mmatre  of  the  earth,  and  directed  towards  a  point  in  fiaffin'e  Bay,  about  71^ 
north  latitude,  and  70°  longitude  west  of  London ;  and  the  variation  of  the 
dip  is  so  inconsiderable,  that  a  reiy  slow  chanj^  of  the  position  of  this 
^Tjppoeed  magnet  would  probably  be  sufficient  to  produce  it ;  but  the  ope- 
ration of  such  a  macnet,  fu'ci)i  *liTi!r  tr.  the  Leneral  laws  of  the  forces  con- 
cerned^ coulU  not  pobbibly  account  for  ihc  very  irregular  disposition  of  the 
CfiTves  iiidicatine:  the  detfree  of  variation  or  declination  ;  a  general  idea  of 
tliese  might  perhaps  be  obtained  from  the  supposition  uf  two  magnetic  poles 
aituat^xl  in  a  line  considerably  distant  from  the  centre  of  ihs  earth ;  but  this 
hypotheeia  is  by  no  mesne  iniidina3r  eeennte  to  iUow  ns  to  pleoe  any 
dopendoBoeonit.  (Fiato  lOUL  Fig.  677,  STB.) 

The  aH  of  makiog  nagnoto  eonoiate  In  a  proper  applioationof  theatteao- 
ttona  and  sopoidons  ef  the  nagnetio  finid,  bj  meana  of  the  dillierait  een* 
dMtingpowanof  'diiieieniknidaef  ison  and  otody  to  tiie  ptodoalioB  and 
preserration  of  sneh  a  dielribiition  of  the  flnid  la  a  magno^aela  the  bolt 
tMed  to  the  exhibition  of  Ite  peenUar  properties. 

.We  may  begin  with  any  bar  el  Iron  that  has  long  stood  In  a  vortieal 
poflition  ;  but  it  is  more  common  to  employ  an  artificial  magnet  of  greater 
stTpTigth.  When  one  pole  of  Kuch  a  magnet  touches  the  end  of  a  Vmr  r»f  hard 
iron  or  steel ;  that  end  assnmes  in  some  (Ipjrree  the  opposite  cliuracter,  and 
the  opposite  end  the  same  clmracter :  I  at  in  drawing  the  ]Jole  along  ihB 
bar,  the  first  end  becomes  neutral,  and  aftcrvvai  1^  !ms  the  opposite  polarity; 
while  the  s*  i  l  ud  end  liaa  its  force  at  first  a  little  increased,  then  becomes 
neutral,  and  afterwiurda  is  opposite  to  what  it  iirst  wna.    When  the  opera- 
tion is  repeated,  the  effect  is  at  first  in  some  measure  deskoyed,  and  it  It 
dttBeak  to  nndiMlaBil  iviiy  ilie  repetitton  adde  matKially  to  the  InequalMj 
oftfaediebdbntionoftlwflnid;  boilha  €Mtlieefftoln,and  theotMngthef 
the  now  magnot  la  Unr  eonm  time  inoioaood  ai  eaoh  otiok%  nniU  it  hoe 
aeqiiiiodaQthalitlaoapaldeef  leoolTlag.  fiovotal  mogneto»  made  In  tto 
outtnti^  may  bepbeod  ride  hy  sld^  imd  eaoh  of  llim  beiag  neaiilly  eqval 
toitomgtttothe  first,  the  wlwle ooUedion  will  produce  tqgottiar a mndi 
flNiig«  effect ;  and  in  tUo  manner  we  amy  obtaui  from  a  weak  magnet 
ethen  continnallj  stronger,  until  we  arrive  at  the  greatest  degree  of  polarity 
of  which  the  metal  is  capable.    It  is,  however,  more  usual  to  employ  the 
process  called  the  donhlc  totieli  ;  placinij  two  magnets,  with  their  op|H>Hite 
pole§  near  to  ein:\\  othi  r,  cr  the  ditiii  -iite  pole^  of  ;i  sinL'-le  magnet,  bent  into 
the  form  of  a  hor»eslu>e,  in  contact  with  the  mi^MlL  ol  the  liar  ;  the  opposite 
wtions  of  thrae  two  poles  then  conspire  in  tiieir  eiioil  to  diftpiace  the  mag- 
netic tluid,  and  the  luu^'nets  having  been  drawn  backwards  and  forwards 
fepeatedly,  an  oqual  number  of  times  to  and  firam  each  end  of  the  bar,  with 
a  coRuderable  pwure,  they  are  at  lait  wkhdrawn  in  the  niddl^  in  ocdar 
to  hup  the  polee  at  ofiial  diitoneos. 
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Iron  filings^  or  the  aonfaM  lieiii  s  mxtli's  forge,  wban  fiaefy  l«ng«tedU 

and  formed  into  a  paste  with  linseed  oil,  are  also  capable  of  being' 
made  collertivply  Tnn^r.ctir.  A  bar  of  steel,  ])laced  rod  hnt  fietween  tw<» 
uiaguets,  aud  suddenly  (juenched  by  cold  water,  becomes  in  home  dt^ree 
magnetic,  but  uot  so  iK>vvcrful]y  as  it  may  be  rendered  by  otlier  means. 
For  preserving  magnets,  it  is  usual  to  place  their  poles  in  contact  with. 
fbo  opponte  polM  of  other  magnets,  or  witib  piooes  of  aoft  lioBy  wiiicti»  m 
eofuequoiioe  of  tboir  own  indnflod  magnotiflm,  Uad  to  bvoar  tlw  aoeunn- 
lotion  of  iho  vagnotie  power  in  a  gnoier  qnantify  than  the  metal  oaa 
retain  after  they  are  lemoTed.  Henee  the  opdento  imaginad  that  the  mtg 
net  fed  on  iron. 

A  single  magnet  may  be  made  of  two  bars  of  steel,  with  their  ends  preeaed 
into  close  contact ;  and  it  init'bt  be  expected  that  when  ihc-^e  bars  are 
separated,  nr  when  a  commc  ii  m  ignet  has  been  divided  in  the  middle,  the 
portions  should  possess  the  jiiopcrties  of  the  respective  poles  only.  But  in 
fact  the  ends  which  have  been  iu  contact  are  found  to  acquire  the  properties 
of  the  poles  opposite  to  thoee  of  their  reepectire  pieoe%  uid  a  oeitaia  poiai 
in  eaoh  pieoo  ia  nenteal,  whidh  ia  at  firrt  aeaier  to  the  nowlj  formed 
pole  than  to  the  other  end,  but  is  remored  by  degreea  to  a  mofo  eeotEnl 
iitaation.  In  this  caee  wo  mnet  anppoee,  contraiily  to  the  general  pris- 
dpka  of  the  tlieoiy,  that  the  magnetie  fluid  ha»  actually  escaped,  by  degrees 
fnm  one  of  the  plecei^  and  liaa  been  reenved  liom  the  ateuMpham  by  tfaa 
other. 

Thrrr  5-  no  reason  to  imagine  nny  immediate  t  onncxion  between  mae- 
netiBui  and  electricity,  except  that  electricity  affects  the  conducting  ]i     <  rs 
of  iron  or  steel  for  magnetism,  in  the  same  manner  as  heat  or  agitaiiun. 
In  some  cases  a  blow,  an  increase  of  t^perature,  or  a  shodc  of  electricity, 
may  aspedite  a  Uttle  tiba  aoqoiaition  of  polarity ;  but  mora  oomnonly  any 
one  of  iheaeoanaeaimpaim  the  magnetie  power.  JProfewor  Bobiaomlo— 4 
that  when  a  good  magnet  was  atmok  for  three  quarters  of  an  hoar,  and 
allowed  in  the  mean  time  to  ring,  its  efficacy  was  destioyod;  alllMWightiM 
same  operation  had  little  efltset  when  the  ringing  was  iiafodad  ;  so  that  ti» 
continued  exertion  of  the  cohesive  and  repulsive  powers  appears  to  Uiftm 
the  transmission  of  the  magnetic  as  well  as  of  tlie  electric  fluid.  The  inter- 
nal agitation,  produced  in  hendinc  a  inRo-netic  wire  round  n.  cylinder,  also 
destroys  its  polarity,  and  the  opcraiioji  of  a  hie  luis  t!io  samo  etti  ^t.  Mr. 
Cavallo*  has  found  that  brass  becomes  in  general  much  more  capable  of 
being  attracted  when  it  has  been  hammered,  even  between  two  flints ;  aud 
Ihatthis  property  is  again  dlddnlriiad  by  fire:  in  this  eaaa  ft  may  be  eon* 
Jeetnred  that  hammering  f nomaasa  the  oottdnetfag  power  ef  the  isoo  obd- 
tained  in  the  brass^  and  llraa  xenden  It  mora  suBeaptfbie  of  mmaalio 
adioii.  Mr.  Catallot  also  observed  that  a  magnetie  needle  waa  mem 
powerfully  attracted  by  iron  filings  during  their  soli^ta  In  addi^eapa 
cially  in  the  Rulfnric  acid,  than  either  before  or  after  the  operation :  others 
have  not  always  succeeded  in  the  experiment ;  but  there  is  nothing  impro- 
bable in  the  cir  u instance,  aud  there  mnv  have  been  some  actual  diffprcnce 
iu  tlie  results,  dependent  on  causes  tot>  inintite  for  observation.  In  bubjecla 
•  Ph.  Tr.  1786,  p,  02.  f  ibid.  1787,  p.  6. 
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ao  little  understood  as  the  theory  of  magnetupip  we  are  obliged  ta  admit 

some  paradoxical  propositions,  which  are  only  sur^riaiDg  on  account  of 
the  imperfect  state  of  our  knowledge.  Yet,  little  as  we  can  understand 
the  intimate  nature  of  innt'iiotlcal  ncfions,  they  exhibit  to  us  a  number 
of  extremely  amusing  as  ^veLi  as  LMtt  rc,-.tiiig  phenoTnena  ;  and  the  prin- 
ciples of  crystallization,  and  even  of  vital  growtli  and  reproduction,  are 
no  where  bO  closely  imitated,  as  in^the  arrangement  of  the  hmall  particles 
of  iron  in  the  naghboiuhood  of  a  magnet,  and  in  the  piodnetion  of  a 
multitude  of  oomplete  magnetfl^  horn  the  infiaenoe  of  a  parent  of  the 
aame  land. 

QNummus  and  important  as  are  the  additions  which  have  been  recently 

Tnatlo  to  our  knowledge  of  the  agencies  of  electric  and  magnetic  forces^  oiur 
limits  will  merely  suffice  us  to  mention  those  which  appear  to  conetltttte 

new  and  distinct  branches  of  science. 

Ill  lUl'.t,  T'rofessor  Oersted,  of  Copcnlmp^n,  discovered*  that  a  current 
«>f  \  oltait'  eU'ctricity  exevti*  an  action  on  the  magnetic  needle,  which  differs 
ill  its  chariuter  from  the  other  forces  observed  iu  uuture,  inasmuch  as  it  is 
taDgential  to  the  courde  of  the  cnrrent.  1%i8  wUI  he  beet  nndetetood  &on| 
an  inspection  of  the  aooompauying  hgures,  in  which  N  and  S  fM^^Q  the  noi^ 
and  south  poles  of  Figl 
a  inagne^  ce  b  a  <    ^  * 


wire,  along  which 
flows  a  current  of 
Voltaic  electricitv, 
tlic  end  c  beiiii,^  in 
t  oiinexion  with  the 
positive  or  coj)per 
plate  of  tlie  sjiiuple 
battery,  and  the 
other  end  with  the 
negatiTe  or  sine 
plate.    In  figure  1, 


1 1 


T. 


where  the  wire  is  alwve  the  needle,  it  causes  the  nortli  pol<>  t  .  he  Irflrcted 
towards  tlu^  east,  as  at  n  ;  in  figure  2,  where  it  is  below,  to%s,ir  I-  tiu  svest. 
Were  the  wire  placed  in  the  same  horizontal  plane  with  tlie  neeiiit,  the 
poles  of  the  latter  would  simply  Rufier  elevation  or  deprcsaiou.  The  etfect 
of  this  force  on  the  north  pole  of  a  magnet  (Llmt  on  the  SOUth  pole  being 
of  course  the  reverse)  is  repnaieuted,, by  the  following  diagram,  ^  wh|(^ 


■  I  M; 


v'1  lo 


the  repulsion  is  in  the 
direction  in  which  the 
hands  of  the  watch  a^  ac- 
cnetomed  to  moTe*  The 

science  which  is  built  on 
this  fact  is  termed  blbc- 

TRO-MAfJ>BTISM. 

From  the  u&tuie  pf  the 
bchwdgg.  Jonr.  juuiii.  199 ;  juum.  123. 
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action  which  we  have  de- 
8criY^,  it  IB  evident  thai  the 
effect  can  he  Ttiultiplie<l  al- 
most indefinitely  hy  gimply 
coiling  the  wire  and  placini^ 
the  needle  witliin  the  coil  ; 
for  the  currents  on  each  t»ide 
€f  010  BMdfo  aUteiid  to  move 
It  in  tlie  same  directioii. 

In  this  way  the  galvano- 
meter is  coostrncted.*  A 
small  needle  is  suspended  by 
8  fibre  of  silk,  and  a  coil  of  ^ 

wire,  coated  with  sealing 


K<nritot  «!• 


or  silk,  causes  the  vnltaic  current  to  circulate  in  directions  parallel  to  it. 
The  tangential  action  of  the  current  overcomes  the  magnetic  aetlcn  of  the 
earth  and  deflects  the  needle.    The  delicacy  ujid  vahie  of  this  iu^trunu'iit 
liave  been  greatly  IncrcaM^d  by  the  inveiitious  of  Cuiuuiingt  an-i  i\\»]jiJi.J 
Instead  of  a  single  needle,  two  needles  are  used,  which  are  placed  with 
their  poles  opposite  ways,  so  that  the  dixective  tendency  due  to  the  earOi's 
action  hi  completely  neutralized,  and  the  toision  of  the  suspending  thread 
is  the  sole  Impediment  to  motion.  In  the  figure  the  needles  are  ordi- 
nary sewing  needles  similarly  magnetized,  and  passed  luirallel  to  earh 
other  through  a  flat  bit  of  straw  which  is  attached  to  the  fibre  of  silk.  The 
coil  of  wire  passes  about  the  lower  needle,  having  in  its  nj>per  part  an 
opening  throuirh  which  the  straw  ]m!?ses  freely.    The  amount  of  force 
exerted  is  the  hum  of  tiie  actions  of  the  upper  and  lower  currents  on  the 
lower  needle,  together  with  the  difl'erence  of  those  on  the  upper  wire. 
The  acUon  of  the  voltaic  current  on  a  magnetic  needle  is  very  similar  to 
the  action  of  one  xnagnetie  newOe  on  snotJier,  tKcept  thai  it  is  perpendi- 
eular  to  the  ffirectbu  of  the  cnirmt*  Now  the  action  of  a  magnetic  needle 
produces  the  m^^netic  state  in  a  bar  of  soft  iron,  and  hence  it  is  natural  to 
conclude  that  a  voltaic  current  should  produce  a  similar  state.  Accord- 
ingly, if  a  considerable  quantity  of  copper  wire  be  twisted  round  a  piece  of 
soft  iron  bent  into  the  form  of  a  horseshoe,  and  a  voltaic  current  1)0  ])assed 
along  the  wire,  the  result  is  the  fonnation  of  a  powerful  magnet.  On 
discontinuing  the  commtinication  with  the  voltaic  j)ile,  the  iron  is  instantly 
reduced  to  ucaily  its  former  stiite.    Thifs  presents  us  with  a  promising  field 
of  research  in  its  applicability  tu  ecouuiuical  purposes  a^  a  moving  power. 
And  although  the  endeavours  of  Jaoobi  f  and  others  have  as  yet  been  only 
partially  sueoessAi],  thoe  is  eveiy  mson  to  suppose  that  time  will 

*  Schweisser,  in  his  Jour.  1821.         f  Camb.  Tr.  1821 ,  p.  281. 

t  Memorie  rd  Osservazioni  cuUa  Descrizione  de  suol  Appintl,  2  vcis*  Fireue^ 
1834.  ^  See  also  MeOoni,  Arch,  de  I'Electr.  i.  165. 

f  Ritchie,  Pliil.  Mag.  ir.  13.    D&l  Negro,  Nuova  Macchina  £lettro>Mag.  Ann. 
delle  Sciease  del  Regno  Lomb.  Yenet.  1831.    Jm  uhi,  Mem.  sur  TApplication  do 
r£lectro-Mag.  an  Mouvemwt  dr«  Mnrli.  Potsdam,  IH'^'      Sr^!rL'-e'>Ti .  hi  Sfur  Atim 
1.  75 ;  viii.  81,    Davenport,  ibid,  li.  Davidiiou,  Mcduuucs'  Magaziuc,  t\o\. 
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«U' vol  ope  the  iiieaiiJ^  of  reinlering  tlurf  iv^vnt  ono  of  tiie  ffrcat  ftsdistants  to 
huniiiii  power.    Aii  attractive  force  c:ui  he  created  aiid  destroyed  at  ]>Ieai- 
sure,  Hii'1  thereby  an  altcmation'of  action,  so  necessary  to  dynamical  t  tfects, 
can  be  protluced.    Tlie  electro-magnetic  ttilograpii  in  bayed  on  tlie  same 
priuciplw.*   A  wheel  has  twenty'^foiur  couducton  placed  on  its  circum* 
ferenoo  at  ^ual  lattgnU,  m  thalt  whm  H  Is  toxned  through  a  oom{deto 
y«yoltttioB,  the  Toltaie  draut  is  oempleted  and  hr^ken  twenfy-ienr  ttsiea* 
This  whed  is  placed  ai  ana  atatbil^  and  anatiMr  wheel,  together  wtth 
aa  ^JBitr'*-"***""'*-  at      othars  a  vait  of  whiia  — fl^aiiw  to  affiBCt  flwt 
oQflKimitnioaition  beiweenthaDk  Whan  tha  ebmiitia  eonipkti^  the  elactnn 
magrnet  is  in  action  and  OMuea  tta  aooompaayiiig  circle  to  mova  thfoo^ 
one  division ;  that  is  to  Bajt  eaah  turn  of  the  one  wheel  causes  a  similat 
movement  in  the  other.   Now  to  eyery  division  is  attached  a  letter  of  tiia 
alphabet.    If  then  the  instrument  he  standing  at      and  it  be  requi- 
site to  convey  the  letter  F,  thr  firyf  whoiA  muHtbe  turned  through  three 
divisions,  by  which  D,       and  J'  are  successively  presented  to  tlie  ob- 
server at  the  other  station  ;  the  last  of  \Yhich  only  is  suffered  to  rest. 
The  close  analogy  ]>etween  the  agents  whicli  produce  the  varied  forms  of 
electricity  and  magnetism  is  rendered  still  closer  by  the  beautifui  dis- 
coveries of  Faraday  and  others.    When  a  current  is  passing  along  a  wire, 
it  induces  a  similar  current  abng  a  wire  placed  near  the  first,  at  the  times 
of  making  and  of  Iweakin^  ths  oontaet  Now  we  have  seen  that  a  oomnt 
of  cisctricity  passing  ronnd  a  bar  of  fxon  randan  it  a  magnet,  and  it  was 
MjQT  to  oonjactoza  thai^  aonvenaly,  a  magnat  should  piodaoe  a  current  la 
aeoflwovnd  about  it  Fandayf  proved  Hiat  tUalsthsdissattlie  montent 
onfy  of  its  becoming  or  eesaing  to  beoome  a  magnet*  Tlia  cofl  was 
wrapped  soimd  a  pieee  of  soft  iron,  the  extremities  of  which  oonld  ba 
bnaght  stmnltaneoiisly  in  contact  with  ths  ends  of  a  horsodieo  magnet. 
At  the  instant  of  forming  this  contact  a  current  of  electricity  was  produced 
fil"7irr  the  coil,  the  effect  of  which  was  sensible  to  the  galvanometer.  Soon 
after  this  discovrrT,  all  the  usual  electrical  effects  were  prodnced  in  this 
war,  and  in  1032  was  ronstnicte  l,  by  M.  Pixii,;J;  a  very  powerful  magneto- 
eiectrie  machine.    This  maciiiii  ',       improved  l»y  Saxton  §  and  Clarke, || 
<X)n8iHts  of  a  compoun<i  horseshm-  magnet  of  a  large  size  fixed  in  a  given 
position.    A  jtiocc  of  soft  iron,  of  much  the  same  shape,  has  a  quantity  of 
iusulated  c()pi)er  wiic  wound  round  it,  and  is  so  placed  as  to  he  capaUe  of 
rapidly  presenting  its  ends  alternately  to  tiie  poles  of  tlis  fixed  magneL  Bf 
this  means  it  becomes  constantly  magnetised,  demagnetised,  and  oppodtely 
magaetiscd.  Thun  the  oonditiona  reqniiita  for  tiba  development  of  an 

»  Wbeatstone,  Meoh.  Msg.  1840.  Walker's  Electr.  Mag.  vol.  11.  Sturgeojj** 
innali,  V.  337.  Steinheil,  Ueher  Telcg.  4to,  Milnch,  1838.  Morse,  Ann.  de  Ch. 
Ixxti  219.  Lenz,  Ueber  die  Vraktischea  Anwcndungen  des  Galv.  Peter$b.  1839. 
Dc  iieer,  Theorie  de  laT^.  Bleclr.  Bullet,  des  Sci.  Phy*.  cn  Neerland,  183?. 
tinlaywn,  The  Applicadon  of  the  Electric  Fluid  to  the  Useful  Arta.  For  the 
■pplicttion  of  Knlvani^m  to  gildioftt  ^  "ee  Jacobi,  Gslvaaopb^tik,  St  Feterab. 
18iO.   Smt^c's  Mciaiiuraj.  ^ 

t  hniday,  Ph.  Tr.  1832.   fizperineotal  Researches  in  EleeMty,  I839« 

:  Ann.  de  Ch.  1.  322.  i  Fh.  Mag.  ix.  268. 

H  Stargeon's  Ana.  i. 
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dectrie  current  are  attained,  and  Toy  liitk  ii^enuitj  is  reqnirfte  to 
nndtr  th«  tnmMtm  %inSIMB  as  a  poweffal  ekotrieal  madiinwof  >  peenlfar 

•  Tile  hut  node  ef  develiiiiiiig  A  emrcni  iHiich  we  dieU  iiMBlloii  '  is  that 
dbeoveied  bj  M.  Arago.*   If  a  plate  of  eopfeat  be  wa£k  to  rotate  with 

eonsidcrable  rapidity  in  a  horizontal  plane,  a  magnetic  needle  placed  above 
or  below  it  tends  to  follow  its  motion,  and  that  (luit*  irresi>ectiTe  of  the 
motion  of  the  air,  a-s  mav  be  proved  hy  iutorposing  a  plati-  of  iln-^*;  <ir 
other  suhstance  between  tiiem.  It  m  tM  leut  that  tliis  effect  Ivu-  to  the 
evolution  of  a  cnrrent  of  electricity,  travel??  from  the  centre  to  the 

circumference  of  the  plate.  For  furtlier  iiiformatiuu,  the  reader  it»  referred 
to  Farada/i  BeeeeidMs;  he  wiU alio  find  m  eonebot  aitiele o&  dcetro. 
magnetiim,  by  Boget,  in  the  libnuy  «f  Uieftil  Knowledge.] 
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LECTURE  LVI. 


OH  CLIMA^TBS  AKD  WINDS. 

The  science  of  meteorology  relates  principal] j  to  the  lUilvfBl  UllBiJ 
of  the  til,  and  to  mcSi  temporary  changes  in  tba  earth  and  aea  ai  «• 
piodnotd  bj  eaoiM  not  meelianiGal  oolj*  The  nibjaot  ia  q£  a  vciyeoB- 
plicated  and  intrieate  aataie ;  it  oanprehends  maaj  eflfecte  detiired  from 
mtch  causes  as  belong  separately  to  every  department  of  physics  which  we 
hare  hitherto  examined ;  and  although  it  haa  oocoplod  the  attention  of 
several  philosophers  of  considerable  eminenr(»,  we  cannot  yet  hnaitt  of 
having  made  any  great  advunrement  in  it.    Whether  we  .shall  ever  l>e  alile 
to  earrv  our  theories  to  so  high  a  degree  of  perfection,  as  to  furnish  u» 
with  iuiaii  information  applicahle  to  the  pur|>uses  of  coiniiion  life,  to  agri- 
culture, or  to  medicine,  is  at  preseut  uncertain ;  although,  liome  advant^ 
has  already  been  deriTed  from  the  indicatioDa  of  mctaogolngioal  uutni' 
mente ;  and  the  philosophy  of  tlie  wdenoe  b  in  many  nepeets  math  mm 
advanced  tiian  haa  commonly  been  anppoeed.  We  ahall  diTide  this  exieo- 
aive  aabject  into  two  part%  the  first  relating  piindpally  to  the  effects  cf 
heat  on  the  atmoapherei  indnding  the  fdienomenaof  winds ;  the  second 
to  the  nature  and  consequences  of  evaporation,  comprehending:  atmo- 
spherical electricity^  and  to  the  efiects  of  sabtenraneoua  fixee  and  igneoos 
meteors. 

The  variation;!  of  temperature  iu  different  pait.>  uf  the  earth's  surface, 
refj^uire  to  ho  oxauiined  iu  the  first  place  ;  since  tliey  aro  not  uoly  <d  cfl^ 
ddetabie  importance  in  themselves,  bnt  are  also  amtmg  the  principal  cioiii 
of  other  changes  in  the  state  of  tiie  winda  and  wealheE.  Theae  dia^gv 
ata  maaaoied  by  thatmomatora^  of  variena  kind%  whkh  have  already  bett 
deaeribed ;  bnt»  ft»r  melaorokgical  pmpoeai^  aome  addittooa  are  freqnent^ 
made  to  the  ain^Ie  thennometer.    In  Six*8  thermometer,*  the  tube  u 
twice  bent,  so  as  to  return  in  a  parallel  direction  :  the  bulh  is  in  the  for© 
of  ft  long  cylinder,  and  is  usually  filled  with  spirit  of  wine,  which  w 
contact  with  a  portion  of  mercury  fiompylug  the  lower  part  of  the  tube, 
and  this  is  succeeded  by  a  second  portion  of  spirit.    The  mercury  CSJW 
on  each  of  its  snifacos  an  index,  which  is  retained  in  its  remotest  wtoall* 
hy  meauii  of  a  w  eak  spring ;  and  cou^quentl^'  shows  the  gicatcrt  d«^** 
of  heat  or  of  cold  that  haa  happened  aiaca  the  laat  obaerratiou.  1v 
faidesea  an  of  lion  or  ated,  and  may  be  brooght  back  to  the  ** 
pleaaure  by  means  of  a  magnet ;  they  are  canied  up  by  the  mereniyi  n)<^ 
by  its  capillary  action,  tlian  by  the  difference  cf  the  specific  gravities- 
similar  efiect  is  obtauied  in  Rotherford'st  arrangement  of  a  r»aiTo(  t'"*'- 
mometcrs,  one  with  mercury,  the  other  with  Rpirit  of  wine,  j)Iaced  m 
■boriaontol  positbn ;  one  index  being  without  the  soiiiaGe  of  the  luertur/f 

-  I'll  Tr.  Uxii.  Sis  on  KlelBaiotDgy,  Maygt.im. 
t  £d.  Tr.  iiL  247. 
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Om  oHmt  wiOiiB  that  4if  Hm  tpiiit:  tlie  thflnnoiiMlm  being  in  eoatouy 
diTCctioDi^  bolli  indnwi  may  be  braogbt  baok  to  tlidr  plaeei^  by  manly 
nitiog  tha  and  of  iha  inatnuoant.   Self  i^glalaring  thannomalan  hsTa 

alao  aometimes  been  oonsfcnioted,  for  kaaping  a  ititl  more  accurate  aoeottni 
all  the  Tamtions  of  temperatnre  that  have  occurred,  hy  describing  a 
line  on  a  rpvolrincf  barrel,  whicli  shows  the  height  for  err ry  instaat  daring 
the  whole  time  of  their  operation.    (Plate  XLI.  Fig.  67!>,  I'M^-) 

The  climates  of  difl'erent  part*  of  the  earth's  surface  are  unquestionably 
owing  in  great  measure  to  their  jwsition  with  re8|)ect  to  the  sun.  At  the 
equator,  where  the  sun  U  always  nearly  vertical,  any  given  part  of  the 
anffaea  faociTea  a  nmeh  gvealflr  qnintlfey  of  Ugkt  and  haat>  than  an  aqnat 
portion  near  the  poke;  and  it  ia  alao  atill  noia  aflboted  by  tha  aan'a  Terti* 
aal  layi^  baeanaa  their  paaaaga  thnragfa  the  almoaphera  ia  diorker  than  that 
of  the  oblique  raya*  iia  fiur  aa  the  san'a  mean  altitude  only  is  eonoemed. 
It  appears  from  Simpson'^  calculations,  that  the  heat  received  at  the 
equator  in  the  whole  year  is  nearly  twice  and  a  half  as  great  as  at  the 
pole!?  t  this  proportion  being  nearly  the  same  as  that  of  thp  tneridian  heat 
of  a  vertical  sun,  to  the  heat  derived,  at  the  altitxide  2.'3.i®,  in  the  middle 
of  the  long  annual  day  at  the  poles.  But  tlie  difference  i<?  T<.jnit  itii  still 
greater,  by  the  effect  of  the  atmosphere,  which  interrupts  a  greater  iwrtion 
of  the  heat  at  the  pt^ea  than  elsewhere.  Bouguer  has  calculated,  upon  the 
aoppoaition  of  the  aamilarity  of  tha  a0betiona  of  luat  and  lights  that  hi 
latitode  46%  80  parte  ont  of  100  are  ttanamitted  at  noon  in  Jnly,  and  66 
only  in  December.  The  heat  intercepted  by  the  atmoapbere  ia  peifupa 
not  wholly^  but  rery  nearly,  lost  with  rcapect  to  the  climate  of  the  neigh- 
bonring  plaoea.  It  ia  obviona  that,  at  any  individual  place,  the  climate 
in  summer  must  approach  in  some  do(>rp<>  to  the  equatorial  cllniate,  tlie 
fiun'H  altitude  being  greater,  and  in  winter  to  the  cUmate  of  the  polar 
regions. 

While  the  earih  is  bocoraing  warmer  at  any  particular  spot,  the  bent 
tliTown  off  by  radiation  into  the  atmosphere,  and  thence  into  tlte  empty 
epaee  beyond  it,  togeiher  with  thai  which  ia  tranamitted  to  the  internal 
parte  of  the  earth,  moat  be  baa  than  the  heat  reoeiTed  from  the  eon ;  and 
,  when  fh»  earth  ia  growing  colder,  more  heat  moat  pace  off  than  is  receiTed : 
but  whenever  the  heat  of  the  aurfaoe  ia  etotionary,  neither  increasing  nor 
diminishing,  as  at  the  times  of  tfw  greatest  and  least  lieat,  it  is  obvious 
that  the  heat  received  from  the  ton  must  be  precisely  equal  to  the  heat 
whirh  ia  thrown  off.  Now  this  quantity  mtiy  he  estimated  by  the  degree 
of  refrigeration  in  the  night ;  and  hence  Mr.  Trevost*  has  very  in^'cniously 
deduced  the  proportion  of  the  sun's  heat  arriving  at  the  surface  of  the  earth 
in  the  latitude  of  (Jeneva,  in  July,  and  in  December  ;  which  he  finds  to  be 
aa  7  or  8  to  1 ;  and  this  result  agrees  very  well  with  a  calculation  deduced 
from  the  length  of  the  day,  the  aon'a  altitude^  and  the  interception  of  his 
mya  by  the  atmoephere. 

In  London  the  temperatnre  genendly  variee,  in  the  conxae  of  the  day 
and  night,  somewhat  more  than  6*,  and  leaa  than2Q^.  In  January,  the 
mean  dinmal  Tariation  of  tampaiaiiirB  b  6P,  in  ICareh  20^,  in  July  10^ 

*  Joor.  dp  Phy.  xU.  81. 
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the  vaaaoii  of  tha  gntifttqmn^  cf  miildt  in  spring  and  inwtliUMi. 
Some  philoioplMn  hate  enpposed  the  earth  to  become  progreaoivel j 

warmer  in  the  coMr»e  of  aa^es,  while  others  have  imagined  that  its  heat 
is  exhausted.  Hoth  these  opinions  apj>ear  in  j^f^ntral  improbable.  The 
greater  heat  the  earth  receives  by  day,  the  more  it  throws  off,  both  by 
day  and  hy  night ;  Bo  that  in  the  course  of  a  few  ages  the  heat  most  pro- 
bably have  attained  ita  maximum.  Local  change  may  indeed  arise  from 
loeal  circnTnrtances ;  thus,  (he  dimaio  of  b  laid  t»  have  btoone 

oooiidenliily  wBniMr»  aineo  n  laigo  putof  ita  aoxfMO  ha«  baandowad  feoaa 
ito denae  lofoaU  by  humtn  labour:  and  to  Jndga  fnm the  daaflriptionn  ai 
tite  ancients,  it  appaoia  flirt  wm  in  Europe  flie  winters  were  formerly 
much  colder  than  they  are  at  pnomt.  If,  bowerar.  Dr.  Herschel's  opinio* 
of  the  variation  of  the  heat  of  the  sun  be  confirmed,  it  will  introduee  a 
great  uncertainty  into  all  theories  uj)on  the  subject :  since  in  these  calctii** 
taons  tlie  original  lieat  of  the  sun  has  always  been  supposed  unalterable. 

The  sea  Is  lesi*  heated  tliau  the  land,  partly  because  a  greater  quantity  of 
water  evaporates  from  it,  and  partly  becau^  the  sun's  rays  penetrate  to  a 
eonsiderable  depth,  and  have  leas  effect  on  the  surface,  whila  tfia  wator  ia 
alao  mixed,  by  the  agitation  of  ita  wafaa  and  eonaiila^  wifli  tiie  ooUar 
water  bdow«  It  ia  alao  more  alowly  oooled  than  flia  laady  ainoi^  nlken  tlia 
tamperatnre  of  the  anpeifidal  parlielea  ia  deptaandy  they  beeome  beatian 
and  ainlc  to  the  bottom.  For  similar  iaaaon%  the  sea  is  colder  than  the 
land  in  hot  c1imat<ia»  and  by  day,  and  wanner  in  cold  climates,  and  by 
night.    These  circumstances,  however,  nearly  balance  each  other,  so  that 
the  mean  temperatures  of  Vjoth  are  eqnn.],  that  of  the  pom  beinL'  only  leas 
variable.    Although  the  process  of  evaporatiun  luuBt  coul  tke  sea,  yet  when 
the  vapours  are  condensed  without  reaching  the  laud,  their  condensation 
mnat  oompanaate  for  this  efieet  by  an  equal  extaication  of  heat. 

There  iaanodker  oanae  which  perhafa  eontribntea  In  eoane  degree^  hi  taoK 
penie  dimatai^  to  the  piodnekioa  of  cold ;  that  ia^thealtamatioaaf  fraa»> 
ing  and  thawing.  Mr.  Pr^voat  obaerm  that  oongdation  takea  place  maeh 
move  anddaoly  than  the  oppoaite  pioooH  of  lignefiartkw ;  and  that  af 
course  the  same  quantity  of  heat  must  be  more  rapidly  extricated  in  freez>  , 
ing  than  it  is  absorbed  in  thavring ;  that  the  heat,  thus  extricated,  being 
disposed  to  fly  off  in  all  directions,  and  little  of  it  he'mi^  retained  by 
the  neighbuuriug  luxiies,  Tuore  heat  is  lost  than  i.i  -Liined  hy  tiie  alternation : 
80  that  where  ice  haw  oiue  been  formed,  it^  j  ii^duction  is  in  this  manner 
mdoubled.  This  circumbtauce  must  occur  wherever  it  freezes,  that  is,  on 
dioia^  in  latitodaa  above  36^ ;  and  it  appears  that  fnm  altout  to  the 
pole,  the  land  ia  aomewhai  colder  than  the  aaa»  and  the  more  aa  H  ia  fute 
diatantfromit;  and  naawr  the  ofoetor  the  land  la  wamar  than  liieaaa: 
but  the  proccaa  of  congelatioii  cannot  1^  any  ncaiM  be  the  pgdnclpal  caaaa 
of  the  difference,  and  it  is  piobabla  that  the  diftacnt  capacHy  of  eaifli  and 
water  for  heat  is  materially  concerned  in  it. 

Since  the  atmosphere  is  very  little  heated  by  the  passage  of  the  sun's  rays 
through  ity  it  is  naturally  cohler  tlian  the  earth's  soriaoe;  and  forthw 
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vtmwm,  lh»  mnrt  ifcwiim  tuctjoglmj  whfah  aw  Hi»  moH  |mwiinini»  ml 
o^oMd  W  tbt  cAeto  flf  Hw  atanoipheF^  tM  always  oiUer  tium 
irftoa>WntM>Mwtttlmioftb»m>  Thtaortliwn  hwjiphiwkaMMwh^ 
wAXBittr  than  Iha  aiNiilMn>  MriiaM  bMaaift  of  tha  fliMtisp  woMituB  ti 
ljund  that  it  contaim^  and  alao  ia  mom  naanire  on  aoooiint  ci  tiia  giaatw 
laocUi  «f  ita  aammer  than  Oial  of  tha  mutimmi  l«r altlioagli,  aa  it  waa 
lomg  aflQ  abaerfad  by  Simpson,  the  different  dlifeaiiot  of  the  son  omifn^ 
•atea  precisely  for  the  different  Telocity  of  the  earth  lu  its  orbit,  withrespeet 
t43  the  whole  qn«ntity  of  heat  received  on  either  side  of  the  equinoctial 
points,  yet  Mr.  Pn  v,.st  ha^  shown,  th;it  in  all  probability  the  same  quan- 
tity of  heat  Ti>ust  jirodiKo  n  LTeater  c/lect  when  it  is  mtwv  hlowly  applied; 
becauH^  die  portion  ioet  by  radiation  from  the  lu  ati  il  body  is  greater,  aa 
the  temperature  is  hisrher.    Since,  therefore,  on     e  nnt  of  the  eccentricity 
of  tile  eartli's*  orbit,  tlie  north  pole  is  turned  towanin  tiie  aun  7  or  ii  days 
longer  than  the  eouth  pole,  the  uorthcru  winters  mnst  be  milder  Uuui  the 
aoiiftara :  yaliha awrthiam  aiiau&ffir%  tluMigk  Aatler,  ought  to  ba  leaM 
what  wamar  than  Aa  unrthwit ;  bnk  In  fwfc  ilMgr  aia  aoUer,  partly  per« 
hnpa  firam  Ilia  nraeh  giaater  proportion  cf  aaa»  wkkk  in  aasa  Jagwi 
afoaliaea  tlia  twnptfatqg^  and  paittj  fiir  oHmt  faaaoBi>  TIm  aoBpam- 
tUa  iirtMMi^  af  aonlliam  aunaar  and  winlar  la  nol  asaelly  known  i 
but  ia  tha  kind  of  Mav  Omfgrn  ^  wmmm  ia  aaU  ta  ba  aztaaalj 
cold. 

The  DorUuan  iee  extends  about  0^  from  tha       3  tba  sonthem  18^ 
or  20** ;  in  some  pMrts  even  Sff* ;  and  floating  ice  has  occasionally  been 
fo«n<l  in  both  hemispheres  aa  far  aa  40**  from  the  jjoles,  and  sometimes,  as 
it  has  })oen  said,  even  in  ktitnde  41*^  or  41!°.    Between  64"  and  60°  south 
latitude,  the  snow  lies  on  the  triuuiul,  at  the       side,  thvm!fi[hout  the  eum- 
mer.    The  line  of  perpetual  cohlti  hitioii 'm  three  miies  above  the  surface  at 
the  equator,  where  the  mean  heat  is  ii4°  ;  at  Teneriffe,  in  latitude  i:}>°,  two 
miles ;  in  the  latitude  of  London,  a  little  more  tlrnn  a  mile  ;  and  in  latitude 
80°  north,  only  1200  feet.  At  tbu  pule,  according  to  the  analogy  dedaaad 
by  Mr.Kivmv*  tan  m  compansoa  of  vationa  obfiaiiona,  tba  maaii 
tanpmvbam  ahaaU  ba  m*.  In  I^ndan  the  mean  tiaiipwatiiMi  iadtf* ;  at 
Bona  and  a*  Monlpaliia^  n  liMla  moaa  than  aof  $  in  Oa  iaiand 
7<P ;  and  in  Jamaiaa^  aOP.f 

Thiiean  ftaqnantlj  aooM  local  aavav  of  boat  and  oald  vUeli  are  indo* 
^dent  of  the  sun's  hnnadiaAa  action.  Thiu^  it  haa  been  obeenred,  that 
vbenthe  weathar  baabaan  alaar,and  a  cloud  passes  oyer  the  place  of  obs^ 
valion,  the  thermometer  frequently  rises  a  degree  or  two  almost  instants 
neously.  This  haa  been  partly  expLiined  by  considering  the  cloud  as  a 
vesturf,  prfventina:  the  oscApe  of  the  heat  which  \n  always  radiating  frt»m 
the  earth,  and  rejecting  it  back  to  the  surface  :  tlie  cloud  may  also  liave 
\mn  Utely  condensed,  and  Trtay  itself  be  of  a  higher  temperature  ihaa 
th«  earth.  Mr.  Six|  has  ol)i><  rvtd  thiit  in  clear  weather,  the  sir  is  usually 
acme  degrees  colder  at  night,  and  warmer  by  day,  close  to  the  ground, 

•  An  Estiniitr  of  the  Tempemturr  of  different  Latitudes,  Ix^nd.  1787. 
t  On  laothermai  Unec,  ne  Humboldt,  Fnciimts  Aaiatiuue»,  ii.  398.  yiha, 
i'hxemB,  m. 462.  t  »*  1^^1784,  p.  4tts  1788,  f .  18i. 
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fluHi  a  few  feet  abore  it ;  but  that  in  cloudy  weather  there  is  less  dificfw 

enre :  and  it  if  possible  that  this  circumstance  may  he  derived  from 
the  difference  of  the  quantity  of  evaporation  fnun  tlip  earth's  snrf  ice, 
which  oocaaions  a  different  degree  of  cold  in  di&erent  states  of  the  atiuo- 
sphere. 

The  motions  of  the  air,  wiiich  constitute  winds,  are  in  general  dependent, 
in  the  first  instance,  on  TtriaUons  of  teapentan.  They  are  so  aoeidaatel 
and  iuuMitil%  as  to  be  ial^eetod  to  no  nniTenal  lawi ;  as  fur  howerar  aa 
any  rqgnlarffy  eaa  be  obaervad  in  tiitir  neiimnoe^  ft  may  in  moat  caaoa 
be  snffieiently  explained** 

The  principal  phenomena  of  the  periodical  winds  may  be  reduced  to  six 
distinct  heads :  first  the  general  tendency  from  north  east  and  south  ea^t 
towards  the  equator,  in  latitudes  below  .'MJ"  ;  secondly,  the  deviation  of  this 
tendency  from  the  precise  situation  of  the  equator;  tliirdly,  tlie  prevalence 
of  westerly  winds  between  30°  and  40°  or  more,  especially  in  the  M)utheni 
hemisphere  ;  fourtMy,  the  local  modifications  to  which  these  general  efiiecta 
are  subjected ;  fifthly,  the  moii80oa%  wfaioii  vaiy  ereiy  half  year ;  and 
lastly,  the  ditnnal  changes  of  land  and  sea  bneaee. 

With  fe^ieei  to  tlie  gcoersl  tendencj  of  tibe  tiade  winds  to  Ifao  wesl»  H 
may  be  sofficieBlly  explained  by  Hadley's  tiieoiy  t  of  tiie  diflennoe  of  fbe 
rotatoxy  motion  of  diffennt  purle  of  the  atmosphere,  combined  with  tha 
eoivnito  oooaeioned  by  the  greater  heat  at  the  equator.  For  the  son's  rays, 
expanding  the  air  in  the  neis^hbourhood  of  the  equator,  and  caustnp^  it  to 
ascend,  y)roduce  a  current  in  the  lower  parts  of  the  atmosphere,  wliich  rush 
southwards  and  northwards  towards  the  equator,  in  tirder  to  occupy  the 
place  of  the  heated  air  as  it  rises :  and  since  the  rotaton*  motion  of  the 
earth  is  gieatest  at  the  equator,  and  is  directed  eastwards,  the  air  coming 
from  the  poles  has  of  oooise  a  lehtlte  motion  wesfewaida ;  and  henee  the 
joint  mMion  of  the  onirent  is  dinoted^  in  the  northern  hemi^heve,  fnm 
north  east  to  southwest,  and  in  the  sotrthecn,  from  south  east  to  noxth 
west.  [As  tha  winds  on  both  sides  spproach  the  eqimtor,  the  fHctiod  of 
the  earth's  surface  is  constantly  tending  to  give  tibeoi  sn  easterly  direction ; 
and  since  the  lengths  of  the  diurnal  circles  increa^  very  slowly  in  the 
immediate  vicinity  of  the  equator,  this  friction  is  even  more  effective  than 
the  change  of  latitude ;  and  the  westerly  direction  of  the  winds  is  sra- 
dually  lessened.  Moreover,  the  northerly  and  southerly  currents,  coining 
here  into  opposition,  mutually  aunihilate  each  other's  effects.  At  the  equa- 
tor, therefcn^  tha  tnde  winds  lose  their  diettuottfa  <ihaim>ter»  and  oenstt- 
tato  only  camats  whiah  depend  on  the  pxepondttsney  of  loosIoaosH^  and 
thns  Taiy  in  different  places.^]  Dr.  HaUey§  sappoeed  that  the  air  was 
made  in  acme  measnve  to  follow  the  snn  lonnd  the  earth,  simply  bymeens 
of  the  expansion  of  the  atmosphere,  which  takes  place  immsdiatily  under 
liim,  and  accompanies  him  round  the  globe ;  but  it  does  not  seem  evident 
that  the  air  ooald  hare  any  greater  tendency  to  follow  the  son  that  to  meet 

•  See  Dove,  Mcteorologische  yntersiu  h\inircn,  Berlin,  1837.    Fechner's  Rqier- 
toriom,  YOU  iH.  f  Hadley,  Ph.  Tr.  1  /  .If),  xxxiz.  58. 

•  X  Se<>  Hall's  Fra^mnits  of  Vegfegcs  and I^Tds,  2nd  Scnei,  i.  Lfig. 
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liiia.  Nor  can  any  sufficient  cause  be  fouiul  in  the  attractious  uf  tiie  celets- 
tiai  bodies,  either  for  the  gcueral  easterly  trade  winds,  or  for  Llie  current  of 
tbe  sea  in  a  umilar  diiedion,  which  appears  to  be  the  immediate  effect  of 
their  ftieticni  on  tbs  muhet  of  the  water. 

The  woond  drwimrtanoe  is  easily  explained  bj  the  gvetfter  hMi  of  the 
■gmUbmnk  tiian  of  fiio  aovtlMfn  hemiipheffo ;  oo  that  inatead  of  eoinddUig 
wHh  tiie  aqnator^  tba  naotial  portion  of  tlw  atmoapbaco  Uea  betwaan  9^ 
•ad  6®  of  north  latliiide ;  tha  noifeh  aaai  wind  not  laaohing  the  aqnatn^ 
mud  the  south  east  continuing  about  3°  beyond  it.   But  the  situation  of  the 
noutral  portion  varies  with  the  aiin*a  declination,  accordingly  as  different 
parallels  of  latitude  become  in  suoceasion  somewhat  hotter  than  the  neigh- 
houring  parts.    Whoro  the  northern  and  southern  currents  meet,  their 
jt>int  effect  must  nuturally  he  to  jiroduce  a  due  eaijt  wind  ;  hut  in  some 
pai-ts  of  llie  ocean,  temporary  calms  and  irreytilar  squalls  have  been  ob- 
served to  take  place  of  thi^  eaztterly  vrind,  which  geneinily  prevails  in  the 
neutral  parts  near  the  ecjuator. 

The  third  fact,  that  i^  the  frequency  of  westerly  winds  between  the 
latitude      and  40^,  has  not  yet  been  suihciently  explained.   The  most 
pfobable  eaoaa  of  this  oirciiniataaoe  ia^  that  the  eorrent  of  heated  air, 
whiidi  we  liave  hitbatio  neglectedy  and  wldch  passes,  in  the  upper  parts  of 
the  atmoapherayfinnn  the  eqnator  each  way  towards  the  polai^  and  which, 
being  the  convaraa  of  the  trade  wind,  mnat  be  a  aonth  west  and  north 
weat  wind,  in  the  different  hemiapheEea,  beoomea  liere  aulBciently  eool  to 
descend  and  mix  with  the  lower  parts  of  the  atmosphara,  oir  to  carry  them 
along  by  ita  lateral  liiction :  and  while  it  descends  to  complete  the  circle, 
nec^sary  for  supplying  the  current  to  the  equator,  its  moUon  witli  respect 
to  the  horizon  must  become  at  a  certain  time  due  west,  since  tlie  cause 
wliich  stops  itH  progTf'SH  northwards,  has  no  tendency  t^^  impede  its  motion 
eastwards.    The  outward  bound  lla&t  India  ships  generally  make  their 
ea^tiug  in  about  'MP  south  latitude.    It  is  probably  also  on  account  of  the 
rotatory  motion  of  the  earth,  that  south  west  winds  are  more  common  iu 
our  latitudes  tlian  south  east,  and  north  east  than  north  wetit. 

Among  the  local  modifications  to  be  oooBiderad  in  the  fourth  place,  we 
may  reckon  the  greater  indiatinetneBa  of  the  third  effect  in  the  northern 
than  in  the  sontham  heini^berek  a  eiroumatanee  which  ia  explained 
hm  the  more  imgular  distribution  of  eea  and  land :  for  between  90^ 
and  4IP  south  Utitude  the  ocean  ia  acarcely  any  where  intanmpted.  In 
lower  hititndea  alao^  near  the  west  eoaet  of  Africa,  the  winds  are  so  much 
ddieeted  towarda  the  land,  aa  to  beootiie  in  general  westerly  inatead  of 

easterly. 

The  monsoons,  which  constitute  the  fifUi  remarkable  circumstance,  are 
so  called  from  a  Malay  word,  denotini^  season.  They  are  occasionetl  by 
the  peculiar  Kitnatinn  nf  tho  rmitinfut  of  Asia,  fni  tho  TH>rth  side  of  tho 
w^nator.  From  April  to  Se[)teniher,  the  sun  imviug  north  declination,  the 
heat  on  this  continent,  a  little  tiorth  of  the  tropic,  is  very  intense,  and  the 
general  current  is  consequently  towards  the  noitli.  The  air,  therefore, 
coming  from  south  latitudes  towards  the  eijuator,  becomes,  on  account  of  the 
deficiency  of  rotatory  motion,  a  south  east  wind,  as  usual,  which  ia  found 
to  pnrail  between  Madagascar  and  New  HoUand,  as  far  as  the  equator. 
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Itt  ooUMfiMnoi  poibiptef  Md6m  In  ItipMHig^  llgmiiiiUiy  km  ito  te- 
fetoi  toiruds  the  wwl^  and  i*  IIm  «q«ctar  is  nttoAf  a  •oulfa  irtnA ;  bat  te 
pffPCWlWttg  BMth  from  the  equator,  It  becomes^  from  an  tOBOm  9i  lnHrtUty 

motion,  a  south  west  wind,  which  blowB  into  the  Arabian  gulf  and  the  Imy 
of  Rongnl.  Botli  thes€  Tnnds  are  however  %'ariouH!y  inodified  hy  the  par- 
tu-ul)ir  situations  of  the  i^lartH-^  anf^  rnntinent?;.  Vrum  October  to  ^T.'\rt:h, 
on  the  contrary,  the  sun  having  south  derlination,  the  south  east  trade  win«i 
stops  at  10°  south  latitude ;  the  trade  winds  on  the  north  side  of  the  equator 
are  as  usual  north  east ;  and  beyond  the  equator  tliejr  become  for  mnm 
degrees  nsrik  west»  the  dreanutaaoea  being  tlw  Mvaits  of  those  whieh 
happen  in  the  ssnmer  mootlii^  gnsltt  dMances,  on  the  otiwrsids  sf 
theeqnator.  (Plsls  XUI.  XLIU.) 

The  last  fiMi  ii  the  simplest  of  all.  The  land  and  sea  hreeees  are  pro- 
dneed  by  the  assent  of  the  air  oyer  the  land  in  the  day  time,  while  the  innd 
is  hotter  than  the  sea ;  and  its  descent  at  night  when  the  land  is  become 
colder :  lienoe  the  breexe  conies  fromUie  eea  bj  day,  and  tarn  the  had  fay 

'I  he  violent  agitations  of  the  air,  which  constitute  hurricanes  aiul  whirl- 
winds, occur  more  commonly  in  tropical  cUmatea  than  in  others.  The 
sanees  of  these  storms  are  little  understood  :  thdr  course  bssSd  to  be  gens* 
xally  oppoflits  to  tliat  of  the  ttads  ivinda ;  hnt  totnadoe^  wUoh  ais  I«m  i»> 
gdar  hnxtlcanei^  originate  iodilbrentiy  from  ersfy  qnaiisr. 

The  variationa  of  the  treight  of  the  sir,  which  oeeaeloB  the  winds,  «nd 
sClier  changes  in  its  density,  which  axe  the  ^fects  of  the  winds  them  jclras^ 
aie  indi(  ;ifril  by  the  lieight  of  the  barometer,  which  is  in  general  the  mon 
▼ariable  as  the  winds  are  more  liaMe  to  sudden  change.  Hence  in  the  neicrh- 
bourhood  of  tlipcfjtiator  the  height  of  the  l>aroraeter  is  scarcely  ever  ,i  rjtiarter 
of  aninch  moreor  than  30  inches,  which  is  very  nearlvits  mean  h(  i-bt  on 
the  level  of  the  sea  iii  every  part  of  the  giohe  :  in  Groat  Britain  it  i;*  wn>e- 
times  as  low  a^  28  inches,  but  never  higher  than  31.  We  have  already 
ssen  that  the  elefation  of  any  place  above  tile  sea  lednoes  ths  heigfal  of  the 
barometer  aooording  to  alaw  whkh  is  determined  by  the  general  propeities 
of  dastio  flnids!  thna^  at  an  eleration  of  1  mile  above  the  sss»  the  mean 
be^ht  of  the  barometer  is  24i  inches,  and  at  2  miles,  20  inohmsnly.  The 
use  of  tiw  baiometery  In  foretdling  variations  of  weather,  is  perhaps  meev 
limited  than  has  sometimes  been  supposed  ;  hut  hy  a  careful  obser^-atSon, 
conclusions  may  be  draun  from  it,  which  mny  in  many  cases  be  of  con- 
siderable utility  :  and  it  has  even  been  appHi  .i  \\  ith  Bucce««,  by  nnme  }at.» 
navigiitors,  to  the  prediction  of  changes  of  wind,  at  times  when  they  could 
not  have  been  suspected  from  any  other  circumstances.* 
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LECTURE  LVII. 


ON  AQUEOUS  AND  lONBOUS  METEORS. 

Thi  plMnontBa  originating  from  tt«  «Taporation  of  wi4flr  MD«kit«ie  ft 

larg«  pToporiion  of  the  subjects  of  meteorology:  they  arc  materially 
influenced  by  the  diversities  of  climatea  and  winds,  which  we  have  lately 
considered  ;  nnd  tlicy  appear  to  contribute  to  the  elerfriral  changes,  which 
form  a  print  ipai  part  of  luminous  or  ic;neous  meteors  :  nor  is  the  action  of 
water  wholly  unconcerned  iu  luany  of  th&  effectii  of  subterraueouB  firea, 
wbidi  luTO  ftbo  a  dlght  connexion  with  atmospherical  elaelfMity ;  and  H 
liftft  bteii  coBjeofcDxwl  thii  tlit  only  igneous  ai«lo«%  whioh  ftppMr  idkoUy 
indaiMndaii  of  any  of  thoio  phaaoneftay  may  oiiginata  from  TdtaaBio 
emuaaotioiis  in  other  workb. 

The  aelioiL  of  htal  appears  to  detach  continnallj  ftom  the  puCms  of 
wato*,  and  perhaps  of  every  other  liquidy  aDd  even  solid,  a  certain  quantity 
of  vapour,  in  the  form  of  an  invisible  gas  ;  but  when  the  apace  above  the 
liquid  is  already  charj^ed  ^vitli  as  much  vapour  as  (  an  exist  in  it  at  the 
actual  teTiij>erature,  the  vapour,  thus  continually  thrown  oflP,  either  remains 
suspended  iu  the  form  of  vi&ible  particles,  or  falls  back  imineiliately  into 
the  liquid.  This  is  the  simplest  mode  of  explaining  the  eontinwanee  of 
erapoialiioiiy  mder  fhe  pressaie  of  any  dry  gas,  howerer  denae^  and  ita 
appamit  aappneaioii  in  the  pweenee  of  moist  air,  howsver  lare.  Soma- 
tfansa  abo^  when  the  tempeiatiim  of  the  Uqaid  ia  elerated,  so  that  minute 
globules  either  of  steam  or  of  air  rise  through  it,  some  visible  particles  are 
projected  upwards  by  each  globule,  and  ooi^iie  to  float  in  the  air  ;  tliis 
appears,  however,  to  be  aa  irregularity  uaeonnaeted  with  the  priaoipal 
process  of  slow  evaporation. 

The  quantity  of  vapour,  which  can  exist  in  the  space  above  any  i>ortioa 
of  water,  ha«  been  supposed  by  Deluc,*  Volta,t  and  Dalton,^  to  be  wholly 
independent  of  the  nature,  the  density,  or  even  the  presence  of  the  air  4W 
gas  whkh  thai  spaas  eootailns:  and  we  may  easily  imagine  that  tha 
maDast  distaiiee  at  wUeh  the  parades  of  watir,  oaBstitiitiiif  Tspour»  can 

♦  Fh.  Tr.  1792,  p.  400.  t  Oren'a  Journal,  iu.  479. 
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exist,  witliout  coniing  wiiliiii  the  reach  of  their  mutual  cohesion,  is  the 
same,  whatever  other  particles  may  be  scattered  through  the  interven- 
ing space.  It  appears,  howeTw^  more  consistent  with  some  experimeut^t^ 
to  mipposc,  thattlie  ftmncn  of  air  of  tb«  mail  dendtj  aUows  the  ptHiel— 
of  waler  to  approach  a  littio  neanr  together  without  cohering^  ao  that  th» 
utmoat  qnaniily  of  moisture  that  ean  he  eonbuned  in  a  cuUc  foot  of  air 
at  a  given  temperature  ie  not  exactly  the  same  as  would  mi^  a  cubic  foot  of 
pure  vapour,  but  always  in  a  certain  proportion  to  it ;  and  it  sems  to  fol- 
low, from  the  experiments  of  Saussure,  compared  with  those  of  Pictet,  tliat 
the  weight  of  the  va})our  contained  in  a  cubic  foot  of  iiir  is  about  one  half 
greater  Uiaii  that  of  a  cubic  foot  of  pure  vapour  at  the  same  temperature. 

When  the  air,  in  the  neighbourhooti  of  tlie  surface  of  the  water,  has 
become  tlius  saturated  with  moisture,  the  evaporation  proceeds  very  tilowiy^ 
the  vapour  heing  precipitated  aa  soon  as  it  rises:  hut  if  the  air  he  continu,- 
ally  changed,  so  that  the  moistened  portion  may  he  lemoved,  and  dry  air 
Bubatitnted  for  it,  the  process  will  he  greatly  expedited;  and  sneh  a  ehaoge 
may  be  effected  either  hy  wind,  or  by  the  natural  circulation,  occasioned 
by  any  elevation  of  temperature  communicated  by  the  water  to  the  neigfa- 
bouring  air;  but  when  this  circulation  is  prevented,  the  evaporation  is 
much  (liminishcd,  although  the  temperature  may  be  considerably  elevated. 
In  moderate  exposures,  the  depth  of  the  quantity  of  water,  pvaporatinsr  in 
24  hours  from  any  surface,  is  expressed,  according  to  Mr.  Daltou's  experi- 
ments, by  the  height  of  the  coluum  of  mercury  ec^uivalent  to  the  force  of 
steam  at  the  given  temperature,  deducting,  however,  the  effect  of  the  daa- 
ticity  of  tike  moisture  already  existing  in  the  air.  « 

Since  the  quandiy  of  moisture,  which  the  air  [or  rather  a  given  space] 
is  capable  of  receiving,  is  greater  as  ila  temperatore  is  greater^  ws  may 
obtain  a  natural  measure  of  the  quantity  which  it  contains  by  reducii^ 
it  to  the  temperature  at  which  the  moisture  begins  to  be  deposited.  Thua, 
if  we  take  a  glass  of  c«>M  water,  and  add  to  it  some  common  salt,  or  some 
muriate  of  lime,  we  mav  co'd  the  air  Tior^r  it  m  much  n'^  to  cause  it  to 
deposit  a  part  of  its  moisture  on  the  ^\a>s  :  ami  l»y  measuring  the  temj>era- 
ture  of  the  water  when  the  precipitation  begins,  Mr,  Daltou  cjitimates  the 
true  state  of  the  air  with  respect  to  moisture.   Thus,  if  the  glass  b^ina  to 
he  moistened  when  the  water  is  at  4£P,  he  infers  from  the  known  elastieity 
cf  steam  at  that  temperature^  that  the  quantity  of  moisture  contained  in 
the  idr  ia  equivalent  to  the  pressure  of  a  coluum  of  mercury  about  a 
quarter  of  an  indi  in  he^t ;  and  if  the  actual  temperature  of  the  air  be 
50^,  the  corresponding  elasticity  of  steam  being  a  litUemore  than  one  third 
of  an  inch,  the  dnily  evaporation  in  such  air  will  amount  to  about  one 
ninth  of  an  inch,  makinpj  40  inches  in  the  whole  year.    In  fact,  however, 
the  air  !<*  usually  moi.ster  than  thiis,  and  tlie  mean  evaporation  of  &U 
Kn^'Ltiitl  is,  according  to  Mr.  Dalton,*  about  23  inches  only. 

In  hotter  climates,  and  in  particular  situations,  Uie  evaporation  may  be 
considerably  greater.  The  Msditeirancan  Sea»  being  snrroimded  hy  land, 
is  more  heated  than  the  ocean,  and  the  winds  whidi  blow  over  it  an 
drier ;  oonaequently  its  evaporation  is  greater  than  that  of  the  Atlantic, 
and  its  specie  gravity  is  increased  by  the  increased  proportion  of  salt ; 

e  Msnwh.  Mem*  v«  346. 
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and  oalwwds  nttt  the  bottom,  for  the  sane  mmou  tht  av*  when  it  Ul 
dmmt  in  a  pflMigs  than  t  n  the  adjoining  room,  blows  a  candk  towvrd*  yit 

room  at  the  lower  part  of  tlu  door,  a!i»l  <iraws  it  towards  the  passage  at  the 
upper.  Had  there  been  a  continual  cui  rent  inwHrtls  through  the  StraightiJ, 
at  all  part*i,  the  Mediterranean  must  in  tlu  <  urse  uf  agea  have  become  a 
rock  of  bait.  It  in  indeed  remarkable  that  uii  lakes,  into  which  rivers  run 
without  any  further  discharge,  are  more  or  less  salt^  as  well  as  lakeit  in 
gviMiiliMirtiieflw;  M  whan  a  rivornuu  Ibnugh  *  kks  into  Hm  iM» 
it  mufll  mtemMj,  in  fha  oovne  of  timi^  have  caniad  tha  aatt  of  ihalaka 
with  il»  if  it  bad  avar  adalad. 

Experiments  on  tha  depoiition  of  moiatiire,  like  dioee  of  Mr.  Daltooy  aia 
liable  to  a  iU^t  inaoeiuacy,  on  account  of  the  elMa  of  an  apparent 
elective  attraction,  by  means  of  which,  some  substances  seem  to  attract 
humidity  at  a  temperature  a  little  higher  than  others.  Thu-a,  n  furface  of 
metal  often  remains  dry,  in  the  neighbourhood  of  a  piece  uf  glass  which  is 
( L  \  ( n  J  Willi  moisture.  It  is  certain  that  aoiue  substances  attract  moisture 
from  the  air,  even  when  the  quantity  which  it  contains  in  iucouipurably 
leee  than  that  which  would  sateirate  it,  since  it  is  on  this  circumstance 
that  tha  ooiutraotkkn  of  hjBvooiateEa  dependa;  and  It  ia  probably  by  a 
property  oomewhat  similar,  that  eren  sorf aoes  of  different  kinds  powoes 
diflfcrentattnotiTe  powirafor  nunetue  neady  nady  to  be  depontad.  It  hip 
however,  only  neoeaiaiy  to  empby,  for  Mi.  Dalton'e  eKpatiniaiit»  a  sub- 
stance which  has  a  very  weak  attraction  fur  moisture ;  and  any  lund  of 
metal  will  perhaps  he  found  sufficiently  correct  in  its  indications. 

It  has  been  observed,  that  a  piece  of  metal,  placed  on  c^la^s,  u'snally  pro- 
tects also  the  op|  )>itt  siiic  of  the  glass  from  the  deposition  of  iew  ;  and 
Mr.  Benedict  l^revost  has  shown,  that  in  general,  whenever  tlie  luetal  is 
placed  on  tlie  warmer  tude  of  tiie  glass,  the  humidity  is  deposited  more 
oqpioaflly  either  on  ited^  or  on  tha  glaai  near  it ;  that  wbm  H  la  on  tlia 
eoUar  ade»  it  neHher  leosiveB  the  hnmidity,  nor  pannita  ita  dapoeitioa  on 
thegieee;  but  that  lha  addition  of  a  teoond  pieeeof  ||laai»  ov«r  thametal, 
destroys  tha  ofieet»  and  a  second  piaee  of  metal  reetorca  it.  It  appeaia  tfaat^ 
from  ita  properties  with  respect  to  radiant  haat»  the  metallic  surface  pro- 
duces thefle  effects,  by  preventing  the  ready  ooBunnnioation  either  of  heat 
or  of  cold  to  the  glass.* 

The  quantity  of  invisible  moisture,  contained  in  air,  may  be,  in  some 
degree,  estimated  from  the  indications  of  hygronieterb,  iikhough  these  in- 
struuieut^  ha  ve  hitherto  remained  in  a  sttateof  great  imperfection.  A  sponge, 
a  qioantity  of  caustic  potash,  or  of  sulfuric  a^  or  a  atona  of  a  pecoliar 
natwre^  haaeoiaatimmbett  employed  for  datanniniiig  tha  degree  of  moiatnia 
of  the  air,  inm  wbiob  it  acquiroe  a  oettain  angmentation  of  its  weight 
A  cord  dipped  in  brio^t  or  tlia  beard  of  an  oat,  ia  aim  often  used  for  tha 
eema  pnrpow ;  the  dugrm  in  whieh  it  untwists,  from  the  effect  of  moisture, 
being  shown  by  an  index.  But  the  exteosion  of  a  liair,  or  of  a  slip  of 

*  B.  Prfvoet  en  Dev.  Ann.  de  Chiiaie,  iliv.  75. 
t  8mealen»  VL  Tt.  1771,  p.  198. 
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wbaleboBt^  wiach  have  been  employed  by  Saoasme*  and  Deluc^t  appear 

to  be  more  certain  and  accurate  in  their  indication**.    The  hair  hygrometer 
acquires  more  speedily  the  'Iri^rt  e  correspond ini:  t^)  any  given  state  of  the 
air,  but  it  «pems  to  reach  tiie  utmost  extent  of  its  scale  before  it  arrives  at 
perfect  humidity  :  while  the  whalebone  hygrometer  appears  to  express  a 
greater  change  upon  immersion  in  water  than  from  the  effect  of  the  moist* 
Mt  tnaupaniit  air,  whkh  lias  ifao  htm  MoiMand  hf  aooM  at  ma  hnpm 
Iwtton.  Both  these  hutnuMBts  are  impaired  by  tima,  aadaeqiiin  etmtnry 
wmn,  to  <iMt  a  lean  betwoea  both  it       likely  to  beeoffeetthaa  aMur 
tepaiately.  Their  iBdlettioBt  IM  at  tUtlMtwiddy  diAMil  ftom  eaeli 
other,  and  the  mean  appears  to  approach  much  nearer  to  a  natural  aeala 
thnn  pitljerof  thern.    Mr.  Leslie ;J;  employs  a  very  dcUc&te  thfrmompt^T.  of 
v>liich  the  bulb  is  mrnstcrjed,  for  ino;isurinL'  tiic  dryness  of  tlio  air,  hy  the 
cold  produced  during  evaporation,  when  tlie  thrrnioiActcr  ii  exposed  to  it ; 
but  this  mode  of  estimating  the  quantity  of  moisture  appears  to  be  liable 
to  conaideraUe  nncextainiy.   (Plate  XLL  Fig.  58L) 

in  order  lhat  tfit  totlt  of  a  hygvonuter  ahoold  haperfHllj  natar^  it 
oii|^  to  t«|iroa^  at  all  temperaUire^  the  propoitioii  of  tha  faaiiti^  of 
Buiatuo  in  tha  air  to  that  which  unqaiiad  fisr  itt  Mtmttien;^  tint,  ti 
100  diigHO%  it  ahouid  imply  tint  tlia  tHgiitest  depreesion  of  temperatnia 
would  prodooen  d^osition  ;  at  50  degftOi^  that  the  air  oontains  only  hiilf 
at  much  water  as  would  saturate  it,  or,  supposing  the  thermometer  at  62**, 
that  a  deposition  would  He  produced  In  it  by  a  df'prf»B«?ion  of  17®.  And 
if  we  know  tin'  ictuai  tcmpfrature,  and  the  temperature  at  which  the  de^io- 
sition  takes  jdace,  we  may  find  the  height  of  the  natural  hygrometer,  by 
the  proportion  of  t^e  corresponding  elasticities  of  steam.  Tlie  meaa 
height  of  tht  natural  hygrometer  in  London  is  probably  about  80°  ;  that 
of  Ddac'a  hygranictery  with  proper  eoifoeCions,  being  nearly  70^:  at 
tlMtadcprenianoftPaMiatnaiiaUyba  wdEcient  to  oautt  a  depovlloRof 
men  stare* 

Hm  qoantity  «f  water  aotoally  eontuned  in  a  enbie  foot  of  air,  sata^ 

rated  with  moisture,  appeaiB  to  be  abont  2  grains  at  the  freezii^  P*^B^ 
4  grains  at  48°,  G  at  (K)**,  and  8  at  68** ;  and  the  density  of  the  rapour, 
thus  mixed  with  air,  is,  accordini?  tn  SAussure's  experiments,  about  three 
fourtlis  as  rreat  as  that  of  the  air  itself  ;  so  that  moist  air  ia  always  a  little 
lighter  than  dry  air  ;  and  the  more  so  as  the  air  h  warmer,  provided  that 
it  be  saturated  with  moisture  by  means  of  the  presence  of  water.  It  follows 
from  tiM  propertict  of  BoiatairB  flnia  dolnniinody  thai  if  any  two  poitioHi 
of  perfectly  humid  air,  at  dtfEerant  tampentaiaa^  he  minad  tQgollier»  tfaort 
m«t  he  a  preoipitttion;  thn^  a  cabio  fSooi  of  tSx  rt08^  being  miscad  mUk 
aaotiMrat6Q^1lMhrooauMa  tampentnt  anttbttf^s  if  thtyanaaiB* 

*  Eisai  sor  rHfgrometrie,  Nench.  1783.  Jour,  de  Thy.  nxfi.  24, 98. 

t  Ph.  Tr.  1791,  1,  389.    Jonr.  de  Pli.  xxx.  437  ;  xxxii.  132. 

X  Midi.  Jour.  iii.  401.  A  short  Acoomt  of  loatntaMots  depmding  on  the  Rela- 
tionsor  Air  to  Heat  nnd  Moisture,  Edin.  1813.  Dmem.  of  instts.  for  Impronof 
Meteor.  Obs.  Edin  1  '--^o.   See  on  this aulgeet  ForbcB^  Sopptancntuj  Report  oa 

Meteor.  Brit.  Ass.  1840,  p.  95. 

f  This  phrase  aiust  not  be  supposed  to  imply  any  combination  between  the  air 
andftpoar. 
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jf  tttJ  with  moiflture,  th«y  miut  coniftin  8  gmOM  of  water  whm  iepMito ; 
Jmt  when  mixod  tiugr  wiil  be  too  cold  bj  2**  to  contain  the  sune  quantity  ; 
aimm  air  at  48^  can  only  contain  fonr  grains  for  each  foot ;  and  it  has  beea 

suppcwcd  that  «nrh  n^ixtnrefl  frequently  fKcuKion  a  precipitation  in  "nature. 
TliuSy  it  often  liii[>]H'ns  thiit  the  hrcath  of  an  animal,  winch  is  in  itself 
transparent,  beiomcs  n  isible  when  mixed  with  a  cold  atmospiiere  ;  and  in 
such  oases  the  deposition  may  perhaps  be  facihtated  by  the  oooling  of  the 
warmer  air  to  A  o^rtain  degree^  tvea.  before  a  perfect  mixture  has  taken 
place.* 

Wbflfi  risible  raponr  has  been  thos  deposited  firom  transparent  air,  by 
lawmw  fllthir  of  tM  or  of  nixtim^  it  gesflnlly  nmiiiit  fbr  some  time  sus- 
peadodsiKtbefonaof  AialtiorQf  «obm4t  (WiB<flm<i>  htmmtp  H  appean 
to  1M  mt  OHM  deporiCfld  on  tiho  onfiMt  of  ft  Mttd,  Ia  tho  form  of  dow  or  of 
hotat  fbMt ;  Ibr  i(  If  aot  pfoboUt  Ihat  fho  OTOtilliMd  tau,  ia  wMck  hoar 
ftoii  lo  SRiQgod,  ooa  bo  doilved  fnm  tfao  mm  of  llw  portioli  ahoody 
existing  ia  the  air  as  diiUiiei  aggregate«.t 

The  4eWy  iR^di  is  commonij  depaaitod  on  vegetables,  is  partly  derived, 
in  the  evening,  from  the  vapours  ascending  from  tiio  hmted  earth,  iiiieo  il 
is  then  found  on  the  internal  surface  of  a  bell  glass  ;  and  towards  the  morn- 
ing, frnrn  the  mni^tiirf  tl^^aoetiding  from  the  air  above,  as  it  hecfins  to  cool. 
Sometimes,  In  \\  e\  er,  in  wanner  weather,  the  dew  begins  ti>  descend  in  tlie 
evening;;  tbis  rli-'  Frencb  call  serein  :  tbe  hinnifiity  fIrjMisited  by  mists  on 
treen,  and  by  moist  air  on  windows,  ^nerally  within,  hut  s<iTii*»times  with- 
out, they  call  givre.    [The  cause  of  tbe  dtpofiition  of  dew  huM  iR-en  imlis- 
factorily  assigned  by  Dr.  WeU84   It  is  traceable  to  two  circumstances,  the 
lodiftUoft  of  hcal»  and  tha  ooadanwHon  of  Tapoar  by  oold.  Owing  to  the 
ftmaer  oifOoiMlMioa^  diflannt  aabataaaei  on  Ilia  oaitif o  aarftoa  baoanio 
oool  Willi  MiMtdflgMW  «f  rapidity,  aaoMd^  to  tfaUr  mdunieal  tax- 
toe^  or  Unir  puaWea,  or  wfaatarer  it  may  be.  When  Ifaey  have  ooalad 
down  to  aodi  a  point  that  the  eansting  Taponr  in  tha  atmaaphora  Martimn 
can  no  longer  be  retained  in  iba  alaallo  alsto^  it  beooDMB  watei;  and  ia  doo- 
dled on  their  aorfaoa.  Tba  oanae  of  dq^oeition  is  the  prttiom  cooling 
of  the  Bubstanoe  on  which  it  takes  plaea.   I>r.  WaUa  feand,  as  Mr.  Six 
had  done  before  him,  that  a  thermometer  laid  on  a  prass  plot  in  a  clear 
nicrlit,  indicates  a  cold  many  degrees  lower  than  a  the  nnmnet^T  hxirm:  at 
some  height  from  the  ground.    This  is  owing  to  tlie  fact  that  u^rass  radiates 
hont  well;  and  ac(  i^rdin^ly  it  receives  a  copious  iK  ]:'>sitii»n  i  f  lew,  which 
a  AV(irw  nidiat<-)r  would  nut  do.    Moreover,  if  the  sky  li(  r(.iiif  v  overcast,  or 
if  ari)  ijubblAUce  be  interposed  between  it  and  the  grass,  ratiiatioii  is  checked, 
or  it  may  be  that  the  grasB  receiv<»  more  heat  from  the  surrounding  objects 
or  clouds  than  it  radiates,  and  thus  its  temperature  becomes  laised.  Under 
Am  fllmmrtaaoBalhe  <d0parfCioii  of  dew  oaaaaa*] 

Miato  an  aaid  to  ooaaiat  aomelimfia  of  other  partidea  than  pvuro  waCor: 
then  ate  called  dry  miats,  and  they  have  been  supposed  to  blight  rege- 

*  HTittea,  DiMirtitiM  oa  faitoos  8b1^  of  Nateal  AilaaoBto,  41^  Bdia. 

t  See  Howard's  Essay  on  the  ModtBcatioa  of  Cloads,  1833. 
tUMoB  Dev.  1814. 
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teU«k  Suflh  sdfti  am  ■wnatinwi  attended  by  a  smell,  resonbliBg  tliat 
which  is  occasioned  bj  a&  eleofcric  spark.   Rain  falling  after  a  dry  aeasaa 

deposits,  when  it  has  been  snffered  to  stand,  some  parUcIes  of  foreign 
matter  which  it  has  hrnnijht  down  from  the  atmosphere.    There  must  in- 
deed frequently  he  a  imiltij^lit  it y  nf  substances  of  various  kimls  floating  in 
the  air  ;  tlie  wind  has  be*^u  found  lo  carry  the  farina  of  plants  as  far  as  .10 
or  40  miles^  and  the  atdies  of  &  volcano  more  than  200.    It  only  reqtiixu:* 
that  tba  magnttndaof  the  particlea  of  any  substance  be  sofficiently  reduced 
in  aiie,  in  oidar  to  lender  them  incapable  off  falling  with  any  given  vale- 
flilj;  and  wlien  tlda  vdooity  is  vecjr  amaUy  it  may  easily  be  overpowered 
by  any  aocidental  moliona  of  die  air.  The  diameter  of  a  sphere  of  walee^ 
falling  at  the  lale  of  one  inch  only  in  a  second,  ought  to  be  one  aiz  hnndved 
thousandth  of  an  inch,  which  is  about  the  thickness  of  the  upper  part  ef 
a  sf»nj»  ])n1»Me  nt  the  instant  when  it  burst* ;  but  the  particles  of  mists  are 
incomparaiily  larger  than  this,  since  they  would  other%vise  he  perfect ^y 
invisible  an  separate  drops ;  tlie  least  particle  that  could  be  duH,ovtrtnl  l»y 
the  naked  eye,  being  sucli     wouUi  fail  witii  a  velocity  of  about  a  foot  in 
a  second,  if  the  ^  were  perfectly  at  reeL  But  it  is  very  probable  that  the 
reristancc,  opposed  to  the  motion  off  pattides  so  small,  may  be  ooiisidersUjr 
gieater  tbui  would  l»e  expected  from  a  cakmlatiom  denied  Iran  expesi- 
ments  made  on  a  mnoh  larger  eeale,  and  their  descent  consequently  mooh 
dower. 

When  the  j^rticles  of  a  mist  are  nnited  into  drops  capable  off  dneniiniilm 
witli  a  considerable  veh»city,  they  constitute  rain  ;  if  they  are  frozen 
during  thi  ll  deposition,  tliey  exhibit  the  appearance  of  a  perfect  cry«:tal- 
lization,  an  1  liKome  snow:  but  if  tlie  drops  already  formed  are  fi  */  n, 
either  by  un  ans  of  external  cold,  or  on  account  of  the  great  evapoi,aiun 
prodnced  by  a  rapid  descent  through  veiy  dry  air,  they  acquire  the  chikr- 
meter  off  hall,  whieh  is  often  observed  in  weather  much  too  hoi  Ibr  the 
ffomalioa  off  snow. 

It  cannot  be  doubled  but  that  then  isa  eonneadon  betwen  the  desesnt  of 
the  barometer  and  the  ftll  off  fain ;  but  no  mtis&etoiy  rmson  lias  yet  been 
sssigned  for  the  circumstance  ;  nor  is  it  possible  to  foretel,  with  certainty, 
that  rain  will  follow  any  changes  in  the  height  of  the  barometer  that  have 
been  observed.  The  imnipdinte  dependence  of  rain,  or  of  any  other  atmo- 
spherical phenomena,  on  tlu  influence  of  the  moou,  ajjpears  to  be  rendered 
iiigliiy  improbuble,  not  only  iiy  nmthematical  calculations  of  the  eflFects 
the  moon's  attraction,  but  also  by  the  irregularity  of  the  very  obiiervationa 
which  have  been  addneed  in  faronr  off  sooh  a  oonaeiion.  Bat  however 
nnoerUdn  tho  nltimale  canses  off  nin  may  be  in  general,  (heir  efleds  in 
some  places  are  sufficiently  ocmstant  to  be  attributed  to  peimaaent  local 
drcumstaneea,  and  in  paiticnJar  to  tlie  periodical  reoarrence  of  sunilar 
winds. 

In  low  and  level  countries,  clouds  may  often  begin  to  descend  from  the 
ujiper  roi,Monr^  of  the  rttmosphere,  and  mny  V>e  rpdi«s^>lvpd  hy  the  wanner 
air  bcluw  ;  but  wheti  tliey  descend  in  an  e«jurtl  h  uri"  ;iinon>;  mountaiuh, 
Uiey  fall  on  the  eartli ;  and  besides  the  quantity  of  water  whidi  tl»ey  fur- 
nish for  vegetation,  and  that  wliich  is  carried  off  by  evapomUou,  they 
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afFord,  by  means  of  springs  and  riven,  a  constant  anpply  for  the  use  of 

man  an*!  of  other  animals  in  distant  parts.  The  upper  r^ons  of  the 
atmospht  re  are  however  Ity  nn  means  the  principal  sources  of  rain  in  ordi- 
Tkary  cliinates,  since  a  u^ac^e  j^laccd  on  a  \t'ry  liiL'h  bnildinc!:  seldom  collects 
more  than  two  thirds  as  much  rain  as  another  stantiiriL,'  on  the  ground 
helow  :*  and  the  effects  of  mountains  in  collecting  rain  are  perhaps 
cliietty  derived  from  the  aaceuding  curi-ents  which  they  occasion,  and  by 
whi<^  the  air  saturated  with  moisture  is  carried  to  a  higher  and  a  colder 

Tli«  Abyeriniaa  raiw  an  the  crasea  of  the  immdatloii  of  the  Nile:  they 
last  from  April  to  September;  hoi  for  the  fint  three  months  the  rain  is 
only  in  the  nlg^  The  inimdatioa,  in  Egypt,  hepoB  at  present  about 
the  17th  of  June ;  it  inenaeee  for  40  days,  and  sabaidea  in  the  aame  time ; 

but  the  anielent  accounts,  as  well  as  some  modem  ones^  assign  a  longer 
duration  to  it.   The  river  Laplata  rises  and  falls  at  the  same  time«  as  the 
'    liiW.    The  Ganges,  the  Indus,  tiie  Euphrates,  the  river  of  Ava  or  Vego^ 
and  many  other  large  rivers,  have  also  considerable  inundations  at  regular 
'     periods.    lu  many  other  countries  there  are  seasons  at  which  the  rains 
'     seldom  fail  to  recur  ;  and  sometimes  the  periodical  rains  are  different  in 
'      diflferent  parta  of  the  same  c<uintry.    Thus  the  coast  of  Malabar,  which  is 
i      to  the  west  of  the  Gate  mountains,  or  Gaut-s,  enjoys  summer  weather, 
without  rain,  from  September  to  April,  while  that  of  Coromaudei,  which 
1      is  on  the  eaatern  side,  experiences  aU  the  rigours  of  its  winter ;  being  at 
ihia  tfane  expoeed  to  the  Influnce  of  tha  north  aaat  tnda  wind.  Vloisal- 
I     tudee  of  a  similar  oatnza  are  aho  observed  on  the  north  and  sonth  sides  of 
r     tile  iahoid  of  JanuUoa.  The  mean  foil  of  lain  in  London  is  ahont  28 
I     inohea  ;  at  Eseter,  wfaidi  ia  nearsr  to  tiie  Atlantic^  88;  the  «t«iage  of 
I     England  and  Wales  is  81. 

1        The  evapomtioDs  and  precipilationi^  and  probably  also  the  oondenaalioDa 

and  expansion^  which  take  ^hce  on  a  Isiga  acale  in  the  atmosphere,  and 
J       in  the  clouds,  cannot  fail  of  producing  changes  in  their  electrical  qualities, 
«       and  these  changes  appear  to  l>€  the  principal  sources  of  the  phenomena  of 
I        thunder  and  lightning.    The  cloucis-,  when  electrified,  being  more  or  less 
I        insulated  by  the  interposition  of  the  air,  exhilnt  attractive  and  repulsive 
;        effects,  and  are  discharged  by  explosions,  eitlier  among  themselves,  or 
,        comniunicating  with  the  earth,  in  the  same  manner  as  bodies  which  have 
I        been  electrified  by  artificial  means  ;  they  also  sometimes  produce,  in  Uie 
,        neighbouring  parts  of  the  earth,  and  in  the  animals  on  its  surfaos^  a  state 
of  indnoed  eieetricity  ;  and  in  this  case  the  ntorning  slndM^  or  the  enddw 
leskoiation  of  tlie  afoilibrimn,  idien  theeleelrieify  of  the  neaieat  elonds  is 
Imparted  to  the  mote  remote^  may  be  fota^  without  any  appearance  of  an 
,       hnmediate  diaohaige^  at  the  plaoe  whete  the  animal  stands^ 

We  ean,  however^  by  no  means  piaotselj  aaoertain  in  what  manner  all 
,       tlie  clectrieal  phenomena  of  the  atmospbsfeaieprodttoed.  It  appears  from 

*  From  the  obserrationB  of  Prof.  Fhilhps  at  York,  the  ML  of  rain  daring  twelve 
I        months  was  25*7  in.  on  Uiegroinid,  19*8  m.  44  fort  sbofettis  groendr  sod  1^ 
1ft  in.  813  feet  shore  it.  Rep.  of  Br.  Am,  1834,  p.  560. 
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the  expenments  of  Beccaria*  and  C&YaUof  that  the  air  ia  in  genend 
poaitiTcilj  clMlncal,  and  nuMft  lo  in  oold  and  dim  WMlher ;  in  tkmiij 
wMlh«r  Bum  slightly :  and  that  dvii^  niivthaairk  gnmaUyiB  a  ntg^ 
im  state.  Ur.  Scad  %  haa  found  thai  air  chuged  with  pfutod  Taponm 
any  kind,  and  in  particular  the  air  of  doee  vocae^  ja  ataaoalalwaji 
tively  electrified.    The  electricity  ie  more  readily  commnnieated  to  mM 
electrometer  in  an  elevated  gituation,  and  in  damp  weather,  than  in  other 
circumBtaucet) ;  a  candle     also  very  useful  in  coUectinfj;  it.    When  a  wire 
is  connected  with  a  kite,  being  continued  alontr  the  stringy  we  may  fre- 
quently ohuia  from  it  sparks  s  quarter  of  an  inch  long. 

We  find  a  complete  and  interesting  description  of  the  effects  of  a  violaat 
thunder  itomi  in  a  paper  by  Mr.  Bnvtlon,  ioMitad  in  tht  Hiflowpliienl 
TnoMMtioM.!  The  oiroiiniilanea  hapfaoad  in  SeptamlMv  ITiQ^  Eaai 
Boom,  in  a  houM  oceapied  by  ICr.  Adair  t  it  waabidli  cC  itoii^  and  atao4 
fftdng  the  sea.  About  nina  o'clock,  in  a  very  etoraqr  «M>ming,  a  black 
chNid  approached  the  honea ;  aeveial  balls  of  fiia  ware  seen  to  drop  from  il 
aueoeeaively  into  the  sea,  and  one  in  particular,  appearing  like^in  immenec 
sky  rocket,  broke  against  the  front  of  the  house  in  different  directions. 
Mr.  Adair  was  standing  at  a  window  on  the  first  floor,  Avith  his  hands 
clasped  together,  end  extended  against  the  middle  of  the  frame  :  his  hands 
were  forced  asunder,  he  wa«»  thrown  several  yaids  off  on  the  lloor,  and 
remained  for  some  tUne  ^eechleee  and  moti<MkkflB,  although  not  inefBaibla  » 
Ids  clothes  wvomnch  ton;  sereial  artides  of  metal  abont  his  perww  wen 
paitialty  naUsd,  iriula  olfaan^  apparently  in  similar  drevsMtsacsi^aiid  in 
particular  a  silmbndde^esnpad;  aadhiaskiitwaiiBinaay  pattosuHli 
aoorohed  and  laeerated.  The  whole  oClbs  glii*  in  tha  winilow,  and  a  pl« 
glass  near  it,  were  completely  destroyed,  and  scattered  about  the  room  { 
most  of  tho  furniture  was  broken  to  pieces,  and  all  the  bell  wires  were 
melted,    in  the  room  above  this,  a  lady  and  her  maid  were  driven  to  n 
distant  part,  and  rendeied  inseuKibie  for  some  time,  but  not  hurt ;  in  the 
room  below,  two  servants,  who  were  near  the  windows,  were  struck  dead  : 
both,  the  bodies  were  turned  black :  one  of  them  had  a  wound  near  the 
haart ;  and  naitbar  ol  tiboi  bacama  stiff  after  death  i  a  third  ssvfa&t^  wks 
waa  a  littla  behind  one  of  than,  esmpad  with  the  loss  of  a  tdesoope^  whith 
ha  held  in  hii  hand,  and  irilh  the  ssmation  of  a  Tklant  piessnis  on  hi« 
head  and  on  his  baek*  A  Itigoskooa  was  forced  out  of  the  wall  notvihpn^ 
and  thrown  into  the  room,  and  some  other  simikr  sflMs  WWS  obastead^ 
which  marked  the  progress  of  the  explosion. 

For  jrriarding  against  accident?  dreadful,  Dr.  Franklin's  great  invention 
cf  metallic  conductors  may  be  very  advautageously  employf^d  :  f-  r,  when 
pro^riy  fixed,  they  afford  a  degree  of  s  curity  which  leavts  very  little  mom 
for  apprehension.   A  conductor  ought  to  he  continued  deep  into  the  earth, 

•  IMla  Ekttridti  Tcmebo  Atmeefcriee.  4to»  Totl»i»»  177ft. 

t  Ph.  Tr.  1776,  p.  407 ;  1777,  p.  48. 

:  Jour,  of  £kctrioity.  Pb.  Tr.  1792,  p.  226 }  1794,  pp.  m,  26^.   TreatMe  on 
Atmospheric  Electricity,  See  AfSaOi  Aanudreibr  1838. 

f  1781,  p.  42. 
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r  connected  with,  aome  well  or  J  rain:  it  should  Ijo  of  ample  dimenMoiuB, 
knd  vrViere  sniallest,  of  cop]  icr,  since  ropper  conducte  electricity  more  midily 
Jmn  iron.  In  one  instance  a  couiiuetor  of  iron,  four  inches  wiJu  and  half 
iA  ixkcli  tliick,  appears  to  hare  been  made  red  hot  by  &  stroke  of  lightning. 
It  — OTM  to  Im  of  mnm  adwitage  thsk  a  Miidastov  dumld  Iw  pdnled,  Iml 
tho  ciipfimHiitomjii  k  of  Urn  conaequenM  than  bai  often  hum  supposed.* 
Mr.WllMnoziaUtodflomespttiiiMfti  inwldflb  ft  point wai  ifamekaio 
gwter  ditAmnimiibagktkltilfWai^ibtnionm  ikfb  «BipkgraMBt 

«C  polutnd  oondnetoiB.  Mr.NtinM^t  oi  ths  OQiitnxy,ihow«dlluitnhftlI 
is  ofloik  slraek  in  preferenoe  to  a  point  Bnt  it  hm  bam  oihwrftdythai  if  n 
'pbinl  ottrnctB  the  lightning  fnm  a  greater  distaneo^itmutpvotoei  n  gmlnr 
oxtent  of  building.   It  is  easy  t<:>  show,  by  hanging  oofeton  or  wool  on  a  eoll* 
duotor,  that  a  point  repels  light  electrical  ho<Iiee,  and  that  a  pointed  eon« 
diict^r  may ,  therefore,  drive  awny  some  fleecy  clonds  ;  hut  this  effect  is 
'.  principally  dt  i  ivcd  from  a  i  um  nt  of  air  repelle<i  by  the  pnint ;  and  such 
.  a  current  could  scarcely  he  sujiposed  tn  have  any  jierceptilde  effect  on  clouds 
I  »0  distant  aertli  ise  wliicli  are  coiKcrned  in  thunder  storms.    In  ur  icr  to 
I   esciv^ve  personal  danger  in  a  thun<ler  Btonn,  the  bent  precautions  are,  to  avoid 
eiainences,  and  all  exposed  situations,  as  well  as  a  near  approach  to  couduo- 
;  ton.  Tbeneighbonrhood  of  wii^ws,  looking-glaaseSy  fire-places,  and  treefly 
)  nnist  always  be  ocMMidawA  as  hanidona. 

i  It  lian  hem  lupposad  that  a  aaddwi  eoodeMation  of  <ha  air»arfringfiwm 
^  Mild»  aouumpanied  bjjr  a  dapoaition  of  inoiilu%  and  propagattd  by  a  ooii> 
,  tinnaHoii  of  tha  aansi^  by  naaaa  of  iba  eoU  oaeaiionad  ij  atpaadooy  pio* 
Anaaa  fkaquwily  iha  ndaa  ttmndcTy  wUIwat  any  ligfrtniwy,  and  widioai 
j  any  electrical  ^gltatiaa :  bnfc  it  doaa  not  nppaar  thai  Ilia  opinion  ia  wili 
I  astabUshed.) 

;       TfaapbanoiMDaof  watersponti^if  notof  alactficaiorigi^ 
.    some  ooiinexion  with  electrical  causes.   A  waterspont  generally  consists  of 
I     large  drops  like  a  den«^e  rain,  mtich  a{ritated,  and  descending  or  Rscending 
.      with  a  spiral  motion,  at  the  same  lime  that  the  whole  spout  Is  (  an  icd  alonir 
horizontally,  ac<<jinjianied  in  creneral  hy  a  sound  like  that  of  the  dashing 
.      of  wares.    S|H)uts  arc  somctinies,  although  rarely,  obikirved  on  shore,  but 
j^neraDy  in  the  neighbourhood  of  water.    They  are  commonly  largest 
above ;  sometimes  two  con^  project,  the  one  from  a  cloud,  the  other  froM 
the  asa  below  ii,  to  meat  aadi  oUier,  the  junction  being  accompaniad  by  a 
flaih  af  Itghtning :  and  whan  tha  iHiola  apant  kaa  axhibitad  a  faoninona 
i^peanaoa*  it  has  perhaps  aarred  to  oandnat  aleetridty  dowly  fiwn  fta 
aloQdB  to  fha  aardi.  Soaaa  af  thaaa  cirewnalancaa  nay  ba  ai^lainad  by 
aanridenog  tha  apont  as  a  wUilwind,  canying  np  diapa  of  water,  wliiA 
haa  asaaiatad  from  tha  aniCMa  af  tha  wavaa ;  and  tha  raaaindar  any  par> 

*  Sfi'  Ri  ]iort  of  Committee  appointed  to  oonsider  of  a  Method  for  Becurini^  Pow- 
der Magumes  i  with  Mr.  B.  Wiiaon's  Dissent,  Pb.  Ti.  177^,  Ixiii.  42.  bee  bIm 
lbM.B«.  247;  Ixm.  999.  CavsUo,  Odd.  1788,  p.  1.  Murray's  IVestise  on  At- 
mosphfric  Electr.  18L'H.  ITurris.  On  t\v  Utility  of  fixing  ^ -^gh^^f^ P^Tl'^'*^  io 
I        Shipt,  Plrmottth,  1830.    Annals  of  Electr.  ir.  310  ;  t.  41. 

t  lb.  IV.  1774,  p.  79 ;  1778,  p.  883. 

X  Ses  Harris's  Essay  on  ThoadarslonBs,  1843. 
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haps  be  deduced  from  the  cooperation  of  electricity,  already  existing  iu  a 
ne^hbonring  cloud. 

It  is  donbtfol  whflttwrtlw  light  of  tha  annum  bonalia  naj  not  be  «f  as 
dflctrieal  nata»;  the pbanomenoa b  eartainly  eoonaeled  ifith  the  gaoAnd 
esoia  of  magnetlbiil ;  tha  piimitiTe  heama  of  light  are  supposed  to  be  at  mm 
davatioa  of  at  least  50  or  100  miles  above  the  earth,  and  evexy  where  in  a 
direction  parallel  to  that  of  the  dipping-needle  ;  but  perliaps,  altlioutrh  the 
mihsitancp  j«?  magnetical,  the  illumination,  whicli  renden*  it  vi-^ible,  ywav  -tiH 
be  derived  from  the  passage  of  electricity,  at  too  great  a  distance  to  be  dis- 
covered by  any  other  test. 

Earthquakes*  and  volcauos  appear  to  origuoate  in  chemic&l  changes, 
which  take  place  within  the  subatanoe  of  tlia  •aith :  Uity  haTe  probably 
UMk  Anthar  oonnesdon  with  eledridty,  than  aa  eanaet  wbleh  orraawwially 
deBtroythaeleotriGal  «qiiilibriom;  lbraldioQghMimaaskhonIuminlieaed» 
firotn  fhfl  gnat  veloeity  with  which  the  diode  of  an  eavthqiiaka  la  tna** 
autlad  from  place  to  place,  that  its  nature  must  be  electrical,  yet  othena 
have,  with  greater  probahiiity,  attributed  the  r^id  succession  «f  tfaa  efkeU 
to  the  operation  of  a  stng^le  cause,  acting  at  a  great  distance  below  the  earth*8 
surfnee.  'I'lierp  are  however  some  circumFtfinces,  wliich  iadicate  i>uch  a 
connexion  between  the  state  of  the  atmosphere  and  the  approach  of  aa 
earthqxiake,  as  cannot  easily  be  explained  by  any  hypothesis. 

The  shocks  of  earthquakes  and  the  eruptions  of  volcanos,  are  in  all 
probability  modiiteatioiia  of  ths  dMi  of  ono  oooamon  otme:  tho  mdm 
oonntiiea  an  liable  to  both  of  them ;  and  when  flie  agitatfon  pndtieaci  by 
an  eaHhqiialce  exWnj#  lardMV  than  then  le  any  iconom  to  wiii|hwsit  a 
enbterraneous  oommotion,  it  ia  pnbably  propagated  through  the  eaitii 
Baariy  in  the  same  manner  as  a  noise  is  conveyed  through  the  air.  Volca- 
nos  are  found  in  almost  all  parts  of  the  world,  but  most  commonly  ia  the 
neiglibourhood  of  the  sea  ;  and  especially  in  small  islands  ;  for  instance,  in 
Italy,  Sicily,  Iceland,  Japan,  the  Caribbees,  the  Cape  Vord  islands,  the 
Canaries,  and  the  Azores  :  there  are  also  numerous  vokauos  in  Mexico  and 
Peru,  es^ciaUy  Picliiiicha  and  Cotopaxi.  The  subterraneous  fires,  which 
an  oontinaally  kept  up  in  an  open  volcano,  depend  perhaps  in  general  on 
euUiinoiie  oombinationa  and  dcoompodtiona^  like  the  heatiiig  of  a  heap  of 
wet  pyrites,  or  the  union  of  edfbr  and  inm  filinga :  but  in  other  ceeee  tbty 
may  peihaps  approadi  more  needy  to  the  netnn  of  oommon  fine.  A 
mountain  of  coal  has  been  burning  in  Siberia  for  almost  a  oentniy,  and 
must  probably  have  undermined  in  eome  degree  the  ndgbbonriqg  country. 
The  immediate  cause  of  an  eruption  appears  to  be  very  fireqnently  an 
admisHion  of  water  from  tlM'  sea,  or  from  subterraneous  reservoirs  ;  it  lias 
often  happened  that  boiling  water  lias  been  discharged  in  great  quantities 
from  a  volcano  ;  and  the  force  of  st<;aiu  is  perhaps  more  adequate  to  the 
plodueUon  of  violent  explosions,  than  any  other  power  in  nature.  The 
consequenee  of  each  an  admianon  of  water,  into  an  immense  collection  of 

*  Bcrtrand,  M^moires  Historiqurg  ct  Physiques  sur  les  Tt i mljU  i«ons  dr  T^  rre.  A 

Kii^^L '  ^iJ'   MicbeU,  Conjectures  conoernsng  the  Cause  of  flarthquakes,  Ph.  Tr. 
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Igpaited  materials,  may  in  some  iaei9i8ure  be  understood,  fixm  tlie  acci- 
dents  which  occasionally  imppen  in  founderies  ;  thua  a  wholr  fvirnate  of 
melted  iron  v\  a.s  lately  diaaip&ted  into  the  air  in  CoUbrf>ok  Dole,  by  the 
effect  of  a  flood,  which  suddenly  overflowed  it. 

Tbm  pbtnomiiia  of  etfChquakii  tnd  vakuM  §n  amply  i]}iifb»ted  by 
tfift  |W9tiandaraocQimtB,trNinat^  to  tho  Royal  Society  by  Sir  WiUiain 
HmiHomy  of  Hmmo  wliioh  have  happened  at  different  timee  in  Italy.*  The 
Murthquake,  whioh  demUted  Calabria,  in  1783»  was  fatal  to  about  4SyfiO0 
penoDi^  eontlnidng  ite  favign  for  more  than  three  months ;  it  destroyed 
the  towns  and  tUIi^^  occupying  a  drcle  of  n^ly  60  miles  in  diameter, 
lying  between  88  and  30  degrees  latitude,  and  extending  almost  from  the 
weetem  to  the  eastern  eoast  of  the  southernmost  point  of  Italy,  besides 
doing  considerable  damage  to  places  at  much  greater  distances  from  its 
origin,  which  is  siijipntn^d  to  have  been  either  immediately  tinder  the  town 
of  Oppido,  in  the  c  entre  of  this  i  lrcle  ;  or  under  mnw  part  of  the  sea, 
l)etwetu  the  west  of  Italy,  and  tiie  volcanic  island  ot  Stromboii.  This 
island,  as  well  as  Mount  Etna,  had  smoked  less  than  usual  before  the 
earthquake,  but  they  both  exhibited  appearances  of  an  eruption  during  its 
continuance ;  Etna  towards  the  b^^inning,  and  Stromboli  at  the  end. 
Before  eaeh  shook  the  donde  were  nsnaUy  motiodesi  for  a  certain  time, 
and  it  rained  vUdently ;  liei|nently  also  lightning  and  sodden  gusts  of 
wind  aocompanied  the  ndn*  The  principal  slioeks  appeared  to  consist  in  a 
sudden  sleratlon  of  the  gnmnd  to  a  oonsiderable  heig|it»  which  was  propa- 
§ited  somewhat  like  a  wav«^  firom  west  to  east :  heeidee  this,  Uie  ground 
had  also  a  horizontal  motion  backwards  and  forwards,  and  in  some  mea- 
sure  in  a  circular  direction.    This  motion  was  accompanied  by  a  loud 
noise ;  it  continued  in  one  instance  for  ten  seconds  without  intermission ; 
and  it  shook  the  trees  so  violently  that  their  heads  nearly  reached  the 
ground.    It  affected  the  plains  mnrc  strongly  than  the  hills.    In  some 
places  luminous  cxhahitions,  which  Sir  William  llaniiiton  thinks  rather 
electrical  than  ij^eous,  were  emitted  by  the  earth  :  the  sea  boiled  up  near 
Messina,  .-ind  was  agitated  as  if  by  a  copious  discharge  of  vapours  from  its 
bottom  ;  and  in  several  places  water,  mixed  with  j^nnd,  was  thrown  up  to 
a  conuderable  height*  The  most  general  effect  of  these  violent  commotions 
wssthe  deslruetlon  of  huildingi  of  all  kinds,  except  the  light  banacks  of 
wood  or  of  reeds,  into  which  the  inhabitants  retreated  as  soon  as  they  were 
awaie  of  their  danger :  the  beds  of  rivers  were  often  left  diy,  while  the 
shock  lasted,  and  the  water  on  ite  return  overflowed  their  baiidu :  eprings 
were  sometiBieB  dried  up^  and  new  onee  broke  out  in  other  places.  The  hills 
which  formed  the  sides  of  steep  Tallies  were  cAen  divided  by  deep  cbasma 
psrsUcitothe  vailies ;  and  in  many  csasslaige  portions  of  them  were  sepa- 
rated, and  removed  by  the  temporary  deluge  to  places  half  a  mile  or  a  mile 
off;  with  the  buildings  and  trees  still  standing  on  them  ;  and  in  this 
manner  hills  were  levpllod,  and  vnlHes  weri-  tilled  up.    But  the  most  fatal 
accident  of  this  kind  happened  at  Scilla,  where  so  laige  a  portion  of  a  cliff 

•  Ph. IV.  1767.  Ivii.  192  ;  17G8.  kiit.  I ;  lix.  18  ;  1780,  Ixx.  42  ;  1783,  p.  169: 
and  Count  Ippniito,  iVid  p.  209,  1795,  73.  See  also  Uainitton's  Obeemtioos  OB 
Uw  Voksnos  of  the  Two  bidhet,  2  vols,  fob  1776. 
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Wis  thvowB  into  the  Ma»  that  it  lahtA  an  imimnuft  mm^  wUdi  oaniadtitf' 
moie  than  9000  inbabitanti  who  me  odbetad  on  tha  b«ad^  and  ^rr&m 

extended  its  formidable  efTects  to  the  <^ponta  eoaat  ef  Sicily,  wbeve  asveral 

persons  perished  by  it  in  a  iimihur  manner. 

Tlic  eruptions  of  volcnnos  are  ustially  attended  by  sotnp  shocks  like  tlioae 
of  earthquakes,  although  commonly  less  violeri*.     Open  volcanos  con- 
tinually throw  out,  in  more  or  letu*  ahuTi<laiu  e,  smokt\  ;ishf  «,  and  pumi-  >■ 
Htones,  or  ligiit  cinders ;  but  their  moat  formidable  effects  art?  produced  by 
a  torrent  of  ignited  lava,  which,  like  a  vast  deluge  of  liquid  or  semiliquid 
fire,  lays  waato  the  ooantry  orarwMdi  it  rana,  mad  boriee  aD  the  woritaof 
hnnumait.  In  Haicfa,  1767»  Veenrina  began  to  tiirair  ootnoonaidenUn 
qnantitj  of  adies  and  etone%  wliich  laiaed  ite  annunil  in  the  eooiae  of  tfan 
year  no  leee  than  200  feet»  fanning  fifst  a  EtUe  monntun  of  pumice  itoaaa 
within  tlie  crater,  which  by  degrees  became  visible  above  its  mai^n.  The 
smoke,  vvliich       continually  emitted,  was  rendered  luminous  at  night,  by 
the  light  derived  from  the  fire  1>iirn?n(r  )>elow  it.   Tn  Angnst  some  lava  had 
broken  thrnin^h  this  mountain,  ami  in  .September  it  had  filled  the  ^pnre 
left  bet^sLin  it  and  the  former  crater.    On  the         ninl  14th  nf  <»r:.iii,r 
there  were  lieavy  rains,  which  perhaps  supplied  the  water  cuucerned  im  ihe 
eruption  Uiat  shortly  followed.   On  the  morning  of  the  19thy  doads  of 
flndEe  wen  fneed,  in  oontinnal  aneeeerion,  out  of  the  motrtli  of  the  vol- 
eano,  fbnning  a  maae  Bke  a  huge  pine  tree^  whioh  waa  langtfatnod  Into  an 
aieh,  and  extended  to  the  iaiand  of  Capma,  28  milaa  off;  it  waa  aeeoai* 
panted  by  mnch  lightning,  and  by  an  a])])earanoe  of  meteors  Uke  ^looting 
stars.   A  mouth  then  opened  below  the  crater,  and  discharged  a  stream  of 
lava,  which  Sir  William  Hamilton  ventured  to  approach  within  a  short 
distance,  imsif^^inintr  that  the  violmrc  of  the  confined  materials  mxist  have 
been  exhausted  ;  but  on  a  sudden  the  mountain  opened  with  a  great  uoise 
at  a  much  lower  point,  about  a  quarter  of  a  mile  from  the  place  where  he 
atood,  and  Ihiew  out  a  torrent  of  lava,  which  advanced  straight  towarda 
hini,  while  lie  waa  Involved  in  a  ahower  of  amall  pnmiea  etonea  and  aahaa^ 
and  in  a  dond  of  smoke.  The  Ibroe  of  the  exploaloiia  waa  ao  gnat,  that 
doors  and  windowa  wen  thrown  open  by  them  at  the  diatanoe  of  aaveral 
miles  :  the  str^m  of  lava  was  in  some  places  two  milea  bnad,  and  60  or 
70  feet  deep ;  it  exten<led  about  six  miles  from  the  summit  of  the  moun- 
tain, and  remained  hot  for  several  weeks.    In  1704  a  still  more  violent 
eruption  occurrof!  :  it  was  experter!  by  the  inhabitants  of  the  neie-hhoiir- 
hood,  the  crater  i>eing  nearly  filieci,  and  the  wst^r  in  the  ^\-*A\^  having 
subsided.    Showers  of  immense  stones  were  projected  to  a  great  height  ; 
and  ashes  were  thrown  out  iH>  copiously,  that  they  were  very  thick  at 
l^ianto^  250  miles  off;  eome  of  them  alao  were  wet  with  salt  water.  A 
heavy  noxioiia  vapour,  suppoaed  to  be  earbonie  acid,  ianied  in  many  plaoea 
hum  the  earth,  and  deetroyed  the  vlneyarda  in  which  it  waa  anfibrnd  to 
remain  stagnant.  A  part  of  the  town  of  Torre  dd  Greeo  waa  omnrfaehned 
by  a  stream  of  lava,  which  ran  through  it  into  the  sea  ;  yet  notwilhaland- 
tng  the  frequency  of  such  accidents,  the  inhabitants  had  so  strong  a  predi- 
lection for  their  native  »pnt,  that  they  refosod  the  offer  of  a  safer  aitoation 
for  rebuilding  their  houses. 
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CkkDvuIuons  of  these  kinds  must  have  xtry  materially  influenced  the 
disposition  of  the  strata  of  the  earth,  as  well  as  the  forn\  of  its  surface  ; 
luit  it  is  by  no  means  fully  <Iptcnmued  how  far  s\uh  causes  Iiave  }»t*en 
fnncLTued,  or  how  far  the  eiiects  are  to  be  attributed  to  the  inteniiediatiou 
of  wttttr  only.    Mineralogists  and  geologists  have  been  pviiu  ip  illy  divided 
into  two  clas«es  with  respect  to  their  theories  of  the  earth,  aoiui'  mainUiin- 
ing  the  Vulcaniau,  and  some  the  Neptunian  hypothesis.    It  appeal^  to  be 
impo«£bl«  to  ded^  wUh  any  oertainty  between  these  oppomte  opinionf ; 
nor  is  it  perhaps  of  mnoh  wumqovoM  ii»  aoy  purpose  of  practice,  or  «vcb 
of  sdcaoe.    Tbe  If eptaniuit  «n  oerttinly  ablo  to  ettoUiah  tbair  own 
tliooiy  poiitiTiljy  and  to  piora  that  the  fluid  parte  of  the  eaith  and  aea 
anuai  hare  been  veiy  matoriaBy  coneenud  in  produdiig  the  changee  which 
liaYa  happened  to  the  solid  parts ;  but  it  may  be  diififloH  for  them  to  eoift> 
f  ute  the  assertion,  that  heat,  whether  caused  by  Tokanoe  or  oChcrwiM^  hae 
also  been  a  very  powerful  agent  in  theae  operationi^  and  in  some  rnnm  tlie 
j<Hot  effects  of  heat  and  of  increased  pressure  appear  to  have  been  con- 
cerned in  giving  to  minerals  of  different  kinds  their  actual  form  ;  although 
on  the  whole  it  seems  probable  that  tlie  operation  of  heat  has  been  much 
more  limited  than  that  of  aqueous  Rohitions  and   ]>reripitations.  Mr. 
Davy  has  also  very  justly  inferred,  from  his  experiments  with  the  battery 
of  Volta,  tliat  the  effects  of  the  electricity  excit cm  1  I  y  means  of  chemu  al 
changes  within  theeai-th,  have  prol)ably  been  very  nuitunaiiy  cuncerued  in 
the  gradual  formation  of  a  variety  of  mineral  productions. 

The  aigmnents  lor  eetaUiahing  the  general  £act»  that  great  oon'fQ]ai(nit 
have  aetnally  happened  to  tha  earth,  aie  too  well  knem  toiefnife  mimito 
examuiatlon:  the  Tariety  of  foaeii  anbetanree^  many  of  them  marina  p»^ 
dofitaona,  and  eone  almost  preeerring  a  recent  appearance,  that  are  fooad 
in  moutaine  remote  from  the  sea,  are  nndenmUe  proafii  that  the  teveb  ef 
the  earth'e  tarlMe  mnat  liairo  nnde^ggna  eooildemlile  changea ;  altimni^ 
tome  philosophers  are  of  opinion,  that  eneh  of  the  primary  mountaine  aa 
are  above  6  or  700  feet  high,  have  ntTer  been  wholly  corered  by  the  sea. 
It  is  not  at  all  easy  to  explain  the  change  of  climate,  which  some  of  these 
circumstances  Rp]>enr  to  indicate  ;  the  remains  of  animals  inhabiting  hot 
coinitrip?^,  and  tlie  luiii  inc  jnodiictii  iiih.  (if  hot  climat'es,  whicb  are  frequently 
found  in  liicrh  northern  latitudes,  would  induce  us  to  amspect,  tliat  posi- 
tiuu  uf  tilt'  earth'"?  axis  was  at  a  former  time  very  di£ferent  from  its  pre- 
sent position  :  and  we  can  scarcely  assign  auy  other  probable  cause  for 
this  change,  than  the  casual  interference,  and  perhaps  incorporation,  of  a 
oomet  Willi  the  eartlu  Tbe  probabilitiee  of  such  an  event,  in  the  whole 
eovrm  of  time,  are  howanr  eo  email,  thai  we  have  no  reaaen  to  be  appr»- 
hmiive  of  the  ohonoe  of  ita  oeeorring  in  fnton^  for  it  ia  not  enoogh  that  a 
eomet  ahonld  approach  eo  near  to  the  earth  aa  to  bo  very  powerfally  at- 
tmeted  by  it,  ito  motion  mnat  aho  be  dinoted  almoek  in  a  etiaigfat  line 
towarde  the  earth ;  otherwise  it  might  only  be  inflected  into  a  new  orUt, 
and  go  off"  again,  witbont  having  canaed  aay  other  dietmhanee  than  a 
partial  ovoi-flow  of  the  sea. 

The  face  of  the  globe  has  also  l)een  very  materially  changed  in  the 
couiee  of  ageej,  by  the  gradual  operation  of  the  sea  and  of  rivers*  The  sea 
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lias  iiicroadied  in  particular  parts,  and  retired  from  othera ;  and  the 
numtiis  of  large  rivers,  running  through  low  oomitriM^  have  ofton  been 
mbnialy  modified,  by  a  deporftkm  and  Iniufer  tbe  mtltsr  waahed 
down  from  tlie  land.  At  Ham  tba  aea  nndanninfla  dio  aieap  ooaat^  and 
icoedos  at  Dunkurk,  whevetho  ihoio  ia  fiat f  la  HoUand  the  Zuyder  Zee 
waa  probably  formed  in  the  middle  ages  by  continual  irmptiona  of  tbe 
aea,  where  only  the  small  lake  Flevo  had  before  existed  ;  and  the  moutha 
of  the  Rhine  have  been  considerably  altered,  both  in  their  dimensions  and 
in  their  diref-tions.  The  mud,  deposited  by  Inn^e  rivers,  generally  caT7«p«?  fi 
Delta,  or  triangular  piece  of  land,  to  grow  out  into  the  sea  ;  thus  the 
mouth  of  the  Mississippi  is  said  to  have  advanced  above  50  miles  since  the 
diaoOYwy  of  America ;  and  the  sea  has  retired  from  Roeetta  aboTe  a  mile 
in  40  years.  The  montha  of  the  Arno  and  of  tbe  Rhone  eonnit  alao  in 
gnat  meaaue  of  now  land.* 

The  meteors  denominated  shooting  stars  are  observed  to  more  in  all 
directions,  as  well  upwards  as  downwaida^  although  thegr  firequently  aeem 
to  have  a  tendency  towards  a  particular  qoarter  in  the  course  of  tbe  aama 
evening.  Tbpir  heijrht  seldom  less  than  20  miles,  and  sometimes  as 
mnch  as  100  or  i^iM),  l  ut  usually  about  50  ;  their  velocitv  is  commonlv 
about  20  miles  in  a  second,  which  differs  very  little  from  that  of  the  earth 
in  iu  url>it.  The  rapidity  of  their  motion,  aa  well  as  its  occasional  devia- 
tion from  a  right  Hue,  has  generally  been  considered  as  a  reason  for  sup- 
poiing  that  they  depoid  on  daetricity ;  but  tbe  opinion  ia  by  no  menna 
loUy  eilaUiahad. 

Other  igneous  meteors,  which  nearly  resemble  in  Ibair  appearance  tbe 
largest  of  these,  are  sometimes  observed  to  fall  on  the  earth,  either  entire 
or  divided ;  and  after  their  fall,  certain  stones  have  been  found,  which  have 
been  supposed  to  have  descended  in  an  ignited  state.f  Mr.  Howard  X  has 
ascertained  that  almost  all  these  stones  agree  in  their  treneral  characters, 
and  in  their  chemical  analysis,  especially  in  the  circumstam  t  of  contaiuiug 
nickel.  It  lias  been  conjectured,  both  in  this  country  and  on  the  con- 
tinent, tliat  they  have  U;eu  euiitUd  by  lunar  volcwos,  and  it  has  been 
obaerred,  that  since  th^  would  find  little  or  no  reaistanoe  from  tiia  Toy 
laraatmosphne  of  tbe  moon,  they  wonld  require  a  valooHy  of  piojaelMii 
only  fourtimeo  as  great  as  that  which  a  cannon  ball  sometimea  tteAwm,  in 
order  to  rise  into  the  apbere  cf  tbe  aaiih'a  altnoUim.  Thair  beat  and 
combustion  may  not  improbably  be  derived  from  the  great  condeneaiion 
which  they  must  occasion  in  the  air  immediately  before  them,  and  even 
their  friction  might  easily  produce  enough  of  electric  light,  to  render  them 
visible  in  the  dark.  Amoii^c  iniuiy  such  substances  projected  from  the 
moon,  it  is  probable  that  a  few  only  would  be  directed  towards  tlu-  i  arth, 
and  many  more  would  be  made  to  revolve  in  ellipses  round  it,  and  become 
UtHa  satellites,  too  small  for  human  observation,  except  when  they  enter 

*  The  reader  is  referred  lo  L|eD*s  or  Ansted'i  Geology. 

t  On  meteoric  stones,  see  Chladni  on  the  Siberian  iron,  Ri^,  1794  ;  Ucber 
Peaer-Meteore,  Vienna,  18ly,  witii  App.  by  Schreibeni;  and  art.  bU>De»  (Meteor.), 
Xiicje*  Metrop. 

tVk.Tr.  im,  p.  168. 
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&r  OMmgh  into  the  atmoqpliare  to  produce  an  appeanmoe  of  light,  re- 
Mnbling  that  of  a  shooting  tlar;  Imt  it  is  scarcely  probable  that  their 
velocity  could  ever  be  at  all  comparable  vith  that  which  has  been  attri> 
l)Ut<^d  to  thene  meteors.  There  if«,  however,  no  difficulty  in  supposing,  on 
the  other  hand,  that  the  wandering  bul>r,i;mces,  which  may  be  moving 
throuj^h  empty  space,  with  a  velocity  equal  to  that  of  the  shootini?  stars, 
may  be  so  much  retarded,  wheu  they  peuetrate  deep  ioto  our  atmosphere, 
M  to  make  hoi  a  modmto  imprewion  hy  thflir  lUU  on  the  ground ;  and  if 
wo  aoppoM  iko  moloon  to  bo  of  one  kind  owij,  Uuiy  mut  bo  lofeRod 
fithor  to  tho  doaoaption  off  iihooting  aton  than  to  that  of  tho  pradnctioiiB 
of  huar  Tdcanoa;  altfaoogfa  tho  wndnlatoiy  motion,  lometimes  obaonrod  in 
these  meteors,  seems  to  be  ia  iona  maafitKO  inooiuri^nt  with  the  progma 
of  a  haaiy  body»  iBoviag  bj  BMna  of  ito  natuial  inortift  ia  a  atraig^ 
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It  may  appear  idle  to  some  persons,  to  attempt  to  reduce  the  outlines 
of  natural  history  into  so  small  a  compass,  as  is  riNjulred  for  their  Wcom- 
ing  a  part  of  this  course  of  lectures;  and  it  woulJ  indeed  be  a  fiuiLieau 
undertaking  to  endeavour  to  communicate  a  kuuw  ledge  of  Uie  particnlar 
Mlyoota  of  this  adcnee^  eran  in  a  mch  longer  time  than  wo  ahaU  beetow 
on  it.  Bat  many  nataialiita  hm  tfmi  n  giaaft  pottion  of  thair  Uwm  in 
leaning  tho  namea  of  planta  and  anlmali^.and  haTO  Icnown  at  laat  leaa  of 
tiio  |khiloao|ihy  of  tho  adonot^  tiian  might  liafa  bean  told  Uxem  in  a  few 
hours,  by  persona  who  liad  observed  with  moio  enlarged  views,  and  who 
had  reasoned  on  general  principles.  And  we  shall  perhaps  find  it  possible 
to  collect  into  a  nmhW  cotDpass  the  most  useful  information,  that  has 
hitherto  been  obtained,  respecting  tlie  laws  of  animal  and  vegetable  life,  as 
Avoll  ii3  tlie  foundations  of  the  methods,  by  whieb  the  most  received  syste- 
ualical  classihcatious  have  been  regulated. 

Tho  au£Me  of  tho  earthy  ae  well  sea  aa  land,  is  occupied  by  innnmeiabla 
lndi^na]%  conatitntinff  an  intnunae  variety  of  diatinotqieeiea  of  animated 
and  inanimate  beingi>  oompieheaded  in  tho  three  giand  diTiaiopa  of  natniil 
bodiee.  The  mineral  kingdom  oonaata  of  such  anbetanoes  as  are  composed 
of  particles  either  united  without  any  regular  form,  or  collected  together  by 
accretion  or  external  growth  only.  When  mineral  substances  cry  stallize, 
they  often  imitate  tlic  form,  an<l  almost  assume  the  t  xtcrtial  appearance  of 
vegetables:  but  their  particles  are  luver  extended  to  admit  others  between 
them,  and  to  be  thus  enlarged  in  all  their  dimensions ;  their  growth  iaonly 
performed  by  the  aildiiiou  of  similar  partidet*,  upon  tli^  surface  of  thos^ 
that  have  been  already  deposited. 
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VegetablflsdnrhiBtllfllrflKistence,  hy6e«As,  or  oltierwise,  from  a  parent 
stock,  their  partj  are  extended  and  erolred  from  witlii%  and  they  imbibe 
their  nutriment  by  enperficial  absorption  only.  There  is  inde<?t^  in  the 
CTystnUi nation  of  minerals  a  f?li|[?ht  resomltlance  U)  a  reproduction  or  genera- 
tion, when  n  'iiiuiU  portion  of  the  substance  sctvph  as  a  hm\»  for  the  forma- 
tion of  subse(]UC'nt  crystals  :  but  this  portion  becomes  a  cons*tituent  part  of 
the  crystal,  while  it  preserves  its  original  fonu  ;  &  seed,  on  the  contrary,  is 
ft  svbatenM  natonUy  and  completely  detached  from  the  plant,  and 
taining  wHUn  itself  tlie  aimplMt  indiiDeiitB  of  a  naw  indivldiuJ,  wUdiii 
alterwardaavolTed  andtnlaigod.  Sometimes,  Iwwgyer,  TayelaMas  aw  pw- 
ptgat^  by  means  of  balbf^  or  by  spreading  fOObH  hy  ^pa,  or  by  ingiiM 
scions,  without  a  seed  detached  in  the  regular  manner ;  but  in  these  ewe 
the  new  plant  is  much  more  identical  with  the  old  one,  than  when  it  L« 
raised  from  a  seed,  being  as  it  were  a  continuation  of  the  same  cxisUnre. 
Plantu  are  uourislied  in  great  measure  l»y  means  of  tJieir  roots  ;  anJ  stune- 
times,  wliere  they  are  without  roots,  their  nutriment  is  probably  abtwrW 
by  ail  parts  of  their  surface. 

Animals  are  distingiushed  from  Tegetables  by  the  reoeptbn  of  tbiir 
foody  for  digeetioa  and  asnmilatioD*  into  an  internal  cavity  oonslitiitiiv  • 
stomadk  The  existenee  of  a  stomadi,  calculated  for  the  digestion  of  fiwi 
appears  to  be  the  besC^  if  not  the  only  inriterion  of  an  animaL  Some  ^  egf  ta- 
bles, indeed,  have  a  power  of  catching  and  detaining  anfmali^  ^  curling 
up  their  leaves  so  as  to  cover  them,  as  the  drosera  or  sundew,  siul  th? 
dionaea  muaci]>ii]?i,  nr  catchfly ;  but  this  mechanism  can  scan'<'!v  he 
intended  for  their  immediate  nutriment,  at  least  the  leaf  can  sraittly  be 
fiupj)osp(l  to  a'«MTnne  the  character  of  a  stomach.   It  is  true  tliat  vve  iuiagtn* 
all  auiuiais  to  have  sensation,  and  all  plants  to  be  without  it  ;  and  if  itW«» 
possible  to  discriminate  decisively  between  sensation  and  irritation,  the^ 
tinction  would  snpersede  ereiy  other:  but  in  many  cases  it  is  extieMf 
difficult  to  saj  where  sensstion  b  present,  and  wiiere  bnritaiioB  <n4r  F*^ 
duces  the  same  apparent  effects.  We  cannot  be  sun  that  the  hydra,  or 
fresh  water  polypus,  or  the  trichums  sol,  an  animalcule  described  by 
Dr.  Shaw,  suflPers  any  sensation  of  pain  when  it  is  divided  into  two  part*; 
at  least  the  pain  seems  to  ajjrree  remarkably  well  with  its  constitntiDn,  f'^r 
it  lives  and  thrives  Avith  increased  vit^our,  as  two  distinct  animals.  On  tbe 
other  hand,  many  plants  are  ca»^i!y  stimulated  to  perfonn  motions,  vrhiA 
have  tlie  appearance  of  muscular  actions,  influenced  by  sensatit>n  :  thsi*^ 
sitive  plants  dose  or  depress  their  leaves,  in  consequence  of  agitational'^ 
electrietly ;  the  stamina  of  the  baibeny  and  of  the  pellitory  aie  Uuv** 
into  motton,  when  touched  with  a  needle^  and  thoee  of  me,  and  of  tto 
grass  of  Parnassus,  hate  at  tfanes  aJtemate  motions  without  any  appv«n^ 
cause.   A  zoophyte  is  an  animal  absolutely  fixed  to  one  place;  sii<^ ^ 
vallisneria  is  a  YCgelaMe  possessed  of  a  certain  limited  power  of  locomotion. 
A  pknt  chooses  in  preference  to  turn  towards  the  light ;  and  it  has  been 
known  tiiat  an  ash  tree  on  a  wall,  when  incapable  of  beinf?  any  loneer  sop- 
porteii  by  the  wall  only,  has  concentrated  all  its  forr»>  in  the  prodiictio"" 
one  large  root,  descendin^^  to  the  ^und.    Sonic  (»f  tin  .  circuinstan*'* 
may  be  explained  without  recurring  to  any  thing  like  volition ;  but,  *f 
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&r  as  Wtt  know,  tlw  same  espIaniiMni  nlgfai  be  afipliad  to  loaM  waamal 

motions ;  and  although  it  is  very  possible  that  there  may  be  a  certaiB 
limit,  where  the  influence  of  mind  and  seiisatinn  terminates,  and  the  laws 
of  veirptaMp  life  only  prevail ;  yet  the  place  of  the  di%'ifion  i«»  not  strongly 
enough  marked,  to  allow  it  to  form  n  cbara^'teristic  iti  ;iti  artihcial  syptem. 
It  has  been  asbctttU  that  some  wrinus  are  nourislu  il  Ity  absorption  only, 
without  the  atMii«tauco  of  a  Htuinacii ;  thus  hydatiU^,  which  are  supposed 
to  be  of  an  animal  natOTC,  appear  to  ba  dmply  bags  of  a  fluid  without  any 
Tidbla  opening ;  but  a  faw  donMd  eataa  of  Una  kiad  oaa  aeandlj  lia 
avfioiait  lo  invaUdata  the  ganeral  pftfitiwit,  that  all  bodiea  daekMlj 
animal  have  a  cavilj  for  the  x«ooptkm  of  food.  Thm  ait  nutally  alao 
some  chemical  distinctiooa  In  tho  eonponent  paxta  of  aainuils  and  vegeta- 
bles ;  animal  substances  conunonly  containing  gnator  |iropoartioiis  d  azote 
or  nitrogen,  and  of  phosphoric  acid  ;  but  tlierc  are  some  exception*  to  tliis 
observntion  ;  tliun  the  caries  papaya,  or  papaw,  contains  ncariy  tht-  >;niic 
priuciple.s  as  nre  usually  found  in  subssiances  of  Bnimnl  oHirin.    In  general 
we  may  readily  distinguish  a  small  portion  of  uu  animal  from  a  vegetable 
substance,  by  the  smeli  produced  in  burning  it.   According  to  common 
language,  we  say,  that  muunda  bava  giowtb  cmly,  bat  not  always ;  that 
▼agdabks  grow  and  liva  also;  and  that  ammals  havo  SMiaatinn»  as  wail  aa 
fifs  and  ineiaaaa  of  magnitadeb 

Mineralogy  ia  a  branch  of  natnial  history  so  neailj  alfiad  to  chemistry, 
that  it  cattnot  ba  oomplately  undentood  without  a  previous  knowledge  of 
that  science.  It  may  therefore  be  more  properly  oQOsideied  as  belOBginf 
to  a  course  of  chemical  ihnn  nf  physical  lectures. 

The  vegetnMo  kiiiL.'^!  in  j  i  ts^ntsto  us  &  .spe(  t:L(  le  highly  inten -tinL,^  by 
itH  variety  and  hy  iu  elegance  ;  but  the  econ^  i)iy  of  vegetation  appean*  to 
iit:  liLile  diversihed,  although  little  under»tood.    With  r^pect  to  the  apjia- 
rent  per£eotion  of  their  fonotiai^  and  the  oomplieation  of  their  structure, 
wa  may  ooosider  all  v^gataUes  aa  belonging  to  two  pilneipal  dlTlsiens^  in 
one  of  which  tlw  seed  is  prepared  with  tho  aaristanee  of  a  Il0wer»  having 
ita  stamina  and  its  pistil^  with  petals  or  »  ea^  $  wliile  in  the  othei^  the 
preparation  of  the  seed  is  lass  ngnlar  and  conspicuous,  and  hence  such 
plants  are  called  cryptogamons.   In  some  of  these  there  is  a  slight  resem- 
blance to  the  flowers  of  other  veeetalileg,  but  on  the  whole,  the  class 
appears  to  form  one  of  the  connecting  links  between  the  thi  vf  kinu'ilnms  of 
nature  ;  ita  physiology  is  probably  simple,  but  it  has  >)een  little  examined. 
The  herbs,  palm%  tshrubs,  and  trees,  which  constitute  the  numerous  genera 
of  floweriug  v^etables,  exhibit  the  greatest  diversity  in  the  forms  and  dis- 
poations  of  tlwoiganaof  l!ruolifieaUon,iriiile  they  havaall  a  geiienl  isssnH 
blanoe  in  their  intanal  aeonomy. 

Ereiy  vegetable  may  beoonaidaied  asa  oongeiieeof  vemela,  in  which,  by 
some  unknown  means,  the  aqueous  fluids,  imbibed  bj  its  roots,  are  sub- 
jected to  peculiar  chemical  and  vital  actions,  and  exposed  in  the  leaves  to 
the  influence  of  the  light  and  air ;  so  as  to  be  rendered  fit  for  becoming 
cmHfituent  parts  of  the  plant,  or  of  the  peculiar  substauoes  cootained 
within  it. 

The  first  process  in  tho  germiualion  of  a  bnvd  ia  its  imbibing  moisture. 
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and  undergoiiiG:  n  chemical  fernunitation,  in  which  oxygen  is  absorbed, 
and  a  part  of  the  niut  iiage  contained  in  the  seed  is  converted  into  sugar  ;  a 
sabstance  probably  more  autritive  to  the  young  plant.  The  radicle  bhuota 
downwoid^  and  ti»  aeed  Imtw^  or  ootyledoua,  which  are  geoerallj  two, 
although  wmntimei  nuna  or  kit  namutnaf  xaiat  timiaelvaB  ahoiva  tiM 
gnmndy  till  in  a  shmt  time  tfaqr  ^  and  drop  oS,  hdng  wMCiaded  hj  the 
x^gnlar  and  more  advH  levraai 

In  every  transTerae  aeotton  of  a  vtgeCable,  we  commonly  discover  at  least 
four  different  substances.    The  parts  next  to  the  axis  of  the  tree  or  branch 
consist  of  medulla  or  ]»itli,  which  is  «n!p^>*>c(»d  hy  some  to  he  the  residence 
of  the  vegetable  life  of  the  ]> hint  ;  Imt  a  tree  may  live  for  many  years  aft€T 
being  in  irreat  measure  deprived  of  iu>  medulla.    The  pith  is  of  a  loose  and 
light  spongy  texture ;  it  sends  a  ramification  into  each  hranch  and  each 
leaf,  where  it  appears  to  serve  also  as  a  reservoir  of  moisture.   The  pith  is 
aanovindBd  by  the  woody  part,  compooed  of  fibiea  num  or  Um  abvogly 
eompacted  together,  hnl  not  actually  ramifying  into  each  otiiar  in  anj 
great  deypree,  aithoogh  there  la  naeon  to  eoapeot  some  lateral  comnranica- 
tions  between  them.  Tlicy  are  intermpled,  at  certain  intervals,  in  many 
trees,  by  fibres,  in  a  radiating  direction,  forming  what  is  called  the  sUver 
ernin.    Like  the  bones  in  animals,  the  wood  constitutes  the  ^tronsrest  part 
of  the  vcgetahle ;  and  like  thorn  too  it  is  in  a  certain  degree  furnished  with 
vessels.    It  lias  eww  I  ccii  supjiosed  l)y  some,  that  tlie  fibres  tht  iiise!vt'>^  are 
diatiuct  tubes,  and  by  (  th<  rs,  th^t  the  interstices  between  ihtiii  s.  rvt  the 
purpose  of  vessels,  but  ueither  of  Uiesc  opLuiouii  is  at  present  geiieriiily 
reoelTed.  The  wood  conelete  of  a  number  of  conoentiic  kyers  or  atrata, 
formed  in  anoeeenTe  yeam ;  the  external  part,  which  la  lait  Ibnaed,  ia 
-called  the  aibomnm,  or  while  wood,  and  this  part  is  the  meet  Taeoolar. 
The  bark  encompaeees  the  wood ;  and  Ihie  alao  oooaate,  in  trem^  ef  aefeial 
lajfai%  which  axe  produced  in  as  many  different  years ;  the  external  parte 
usually  cracking,  and  allowing  us  at  their  divisions  to  observe  their  nam- 
ber,  the  inner  layer  only  hoin?  of  immediate  use.    This  layer  is  called  the 
liber,  rm  l  since  this  material  was  nuce  used  iusU^  of  paper,  the  liomans 
called  a  l>ook  also  liber.    The  bark  coiinists  of  fibres  of  the  same  kind  as 
tile  wood,  but  more  loosely  connected.    It  ia  covered  by  the  cuticle,  wbicli 
extenda  itself  in  a  very  great  degree,  as  the  growtii  of  the  vegetable 
advanoei^  but  at  laet  cracks,  and  haaaCa  office  eup^lied     the  ovler  lajan 
of  bark.  Between  the  bark  and  the  cntlde  a  green  polpy  enbetanc^  or 
paianchym%  ia  found,  whidi  aeema  to  be  analogona  to  the  xete  mneoaoniy 
interposed  between  the  true  skin  and  tibe  cuticle  in  animals.   Mr.  Desfan- 
taines*  has  observed,  that  in  palms,  and  in  eeveral  other  natural  orders  of 
plants,  the  annual  deposition  of  new  matter  is  not  confined  to  the  external 
surfaop,  Imt  that  it  takes  place  in  various  parts  of  the  plant,  as  if  it  were 
composed  of  a  number  of  ordinary  stems  united  together. 

There  are  three  principal  kinds  of  veaacla  in  the  ditterent  parts  of  v^«- 
tables :  the  sap  vessels,  which  are  found  both  in  the  wood  and  in  the  bark, 
althouf^  tfaeur  nature  appeare  to  require  further  examination :  aeoondly^ 
the  air  vwieLv  or  tradieae^  which  are  oompoeed  of  aiogle  threada  wound 

•Mte.  del'Iaelit.i.478. 
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indo  a  spiral  t«&be»  like  th«  tptfng  of  «  beU,  and  ciptUe  «f  being  eaaily 
wnooUed  ;  these,  thoagli  they  have  been  ealM  air  Tesaels,  and  8iip|lOM(| 
wxnui  to  Bcrvo  the  purposes  of  respiratioB,  are  described  by  others  as  eoa- 
tavnu-tnr,  <!uTmg  tJie  li£»  of  iha  plants  an  aq^taoiu  fluid :  and  they  aMpivH 

iKihly  little  -more  than  sap  vessels,  with  an  additional  spiral  coat ;  they  are 
not  found  Lu  tlie  Imrlr,  nor  in  all  spei-ies  of  plants ;  and  it  has  thence  been 
ii\fvTTed  tliat   tVioy  are  not  immediatt  1y  neoefsarv^       the  growth  of  the 
plant.    TJtie  thirtl  kind  are  the  proper  vtssuls  of  tlie  plant,  which  are  gene- 
TalVy  disposed  in  concentric  rircle.s,  aad  appear  to  he  uncMJiinocted  with  the 
Bap  veasela,  and  to  cuuLain  the  milky,  resinous,  and  other  peculiar  juices, 
"wlucli  are  found  in  different  kinds  of  plants ;  for  the  sap  is  nearly  the  same 
in  an,  at  laaat  H  4s  independent  of  the  guma  and  nabit  wfeleli  eften  dialia- 
^aiflih  parliciilar  pla&ta ;  H  ooatatna  aceftaiii  portiitt  of 
iMilAy  In  aooia  plaa^  aa  tlie  aogar  mapk^  a  o(»iaidenb^ 
Mr«  MoImI*  liaa  alio  made  a  Biimb«r  of  akill  meva  aooofate  diatinetioiia 
I    TOBpeoUng  tha  atnictaTC  of  tlia  diflannt  kioda  of  Teaaela  The  eiieiilatiaii 
of  the  sap  is  not  completely  anderatood ;  whan  an  orifioa  ia  made  near  tha 
\     TOQt  of  a  tree,  it  flows  most  copiotulj  from  above :  when  near  the  summit 
i      from  helow.   Dr.  Hope  actually  reverted  the  natural  course  of  the  juioaa 
\     of  a  tree,  without  changing  its  poeition ;  by  inoculating  a  willow  with  two 
I      others,  he  complotoly  united  its  existence  with  theirs,  and  tlien,  removing 
\       its  raots,  he  found  that  its  vegetation  was  supported  by  the  juices  of  the 
,      twn  others.    A  tree  may  al.^o  he  nctimlly  inverted,  and  the  Upper  part  wiU 
J       strike  root,  the  lower  putting,'  out  liraiulics  and  leaves, 
t  Plants  perspire  very  consideraM \ ,  dm]  also  emit  a  quantity  of  gases  of 

I  different  kinds;  they  generate  a  sli^^ht  degree  of  heat,  which  may  be 
}  olmerved  by  means  of  the  thermometer,  and  by  the  melting  of  snow  in  con- 
,  tact  with  them.  The  growth  of  eveiy  tree  takes  plaoe  at  tlia  internal  siix«- 
^  liMe  of  the  bark»  not  only  the  havk  iteelf  being  foir^^ 
,  also  being  deposited  by  the  baik ;  for  Dr.  Hope  eepanted  tbe  whole  of  the 
,  hark  of  a  brandi  of  willow  firomfha  woody  leanng  it  ooaneeted  only  at  tha 
I  ends,  to  as  to  oonatatnte  a  boUow  cylinder,  parallel  to  the  wood ;  and  ha 
.  foond  that  new  layers  were  form^  within  the  bark  ;  and  in  another  exp^ 
^  riment  a  part  of  tibe  wood,  deprived  of  the  bark^  altliough  protected  from 
.  the  air,  was  only  oovered  with  new  bark  as  it  grew  over  from  the  old  bark 
.  above  and  below.  The  layers  of  wood,  which  are  added  in  successive 
I  seasons,  and  keep  a  register  of  the  age  of  the  tree,  nrp  verv  pfisily  ohsorvcd 
when  it  is  rut  across  ;  sonietimes  as  many  as  400  have  been  found  in  hrs, 
■         and  oak>  art  snid  to  have  lived  1000  years. 

,  Mr.  Knight t  has  inferred,  from  a  great  variety  of  experiments,  that  the 

sap,  either  usually  or  univcraally,  ascends  through  the  wood  into  the 

I  leaveu,  and  then  descends  through  the  bark  to  nourish  the  plant.  The 
hsTes  seem  to  be  aomewbat  analogous  to  famgs,  or  rather  to  the  gilla  of 

*  *  Bullet,  de  la  Soc.  Philom.  No.  60.  Joaraal  ds  iby.liL  336.  fiH*«*it  et  R^- 

1  liologie  Veget.  2  vols.  Paris,  1815. 

,  1  His  papers  are  in  tbs  Ph.  Tr.  1795,  p.  290;  1799,  p.  195;  1801,  p.  333 ; 

IMS,  p.  377;  1804,  p.  IflSw 
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fishes  :  for  plants  have  need  of  air,  and  it  has  been  found,  that  even  <t  e'ls 
will  uut  germiimW  in  a  vacuum.   As  the  lungs  of  animals  a]*]>ear  to  1ms 
concerned  in  forming  llie  blood,  to  it  may  be  inferred  from  Mr.  Knight's 
«tporimqrta»  tlut  the  np  fint  aacoida  to  tho  Imvm  Ihioagh  tiw  esttniml 
fresh  wood  or  allmnnim,  and  thrcm^  the  central  ^teli  of  the  yaang 
leaves  and  branches^  derived  fran  the  albnnmin,  and  aocompanliid  by  tiba 
epiial  tubes ;  and  after  being  perfected  by  expoanre  to  hgfat  and  air  In  Ihm 
leavM,  it  descends  in  the  bark,  and  senres  for  the  aeoacetion  of  the  albummiiy 
and  of  the  internal  layers  of  the  bark,  being  conveyed  probably  hy  two 
distinct  sets  of  vessels.     The  sap,  thus  prepared  hy  the  leaves  in  tli© 
summer  and  autumn,  is  supposed  to  leave  its  extractive  nuttt*  r  in  the  tre« 
throughout  the  wiuter,  in  such  a  state  as  to  be  ready  to  unite  with  the 
aqueous  juices,  which  ascend  from  the  rout  iu  Uie  succeeding  spring.  Tlte 
intenial  parti  of  the  woody  haviiig  aarved  the  pofpoeea  of  Tegelatioii^ava  har- 
dened,  and  periiapBdzied  uj^  ao  aa  to  be  afterwirda  principally  sabeerviaBt 
to  atruigtii  ahme.  By  anbaeqiieBt  eaqwrimentt^  Mr«Kid|^t  haa  aleo  faond, 
that  when  a  branch  hangs  downward^  the  eap  a^ll  appeaia  to  proceed 
from  the  part  of  the  bark  whidl  ie  uppermost ;  so  that  the  direction  of  the 
force  of  gravity  seems  to  be  concerned  in  determining  that  of  the  motion  of 
the  sap.    There  appear-a  nlno  to  he  some  reaf?on  to  suppose  that  mechanical 
ans  assist  in  tlie  protrusion  of  tlie  sap,  and  the  consequent  trrowth  of  the 
tree  ;  for  if  a  tree  be  more  agitated  by  tlie  wind  in  one  direction  than  in 
another,  its  diameter  will  be  greatest  in  Umt  directioiu 

The  process  of  grafting  depends  on  a  remarkable  property  of  the  growth 
of  vegetaMea ;  if  the  cut  anrftoe  of  the  inner  baifc  of  a  mail  haaadiy  or 
cutting,  be  pkeed  in  contact  with  thai  of  the  hnmch  of  another  tne^tliej 
will  nnite  aaffioiently  for  the  nouxishment  of  the  catlii^ ;  provided,  how- 
ever, that  the  nature  of  the  plants  be  not  too  different.  Something  of  the 
same  kind  occurs  in  animal  life,  where  a  tooth  has  been  transplanted  into 
the  socket  of  another,  or  where  the  flpnr  of  a  cock  haa  been  ineerted  into  hie 
comb. 

Plants  have  their  natural  p(  rio  is  of  life,  cither  of  a  few  days,  as  in  the 
case  of  some  of  the  fungi,  of  a  year,  of  a  few  years,  or  of  many  centuries. 
They  have  also  their  diseases ;  they  are  often  infested  by  insects,  aa  in  the 
gall  of  the  oak,  and  tibe  woodruff  of  the  rose,  or  by  anhnalcoka  cf  a  atfll 
lower  order,  which  are  either  the  caneea  of  the  eamft  of  con,  or  eonatant 
attendants  on  it.  From  unnatural  and  too  loxariant  onltore,  they  become 
sterile,  and  produce  double  flowers  instead  of  fruits  and  mti»»  When 
deprived  of  sufficient  moisture,  or  n^ped  by  froet,  thair  leaves  and  branches 
often  die ;  and  if  the  plants  recover  their  vigour,  a  separation  is  effected 
by  a  natural  process,  res^^mldinn-  the  f^lmiL'^ltinif  of  decayed  parts  of  animals ; 
hilt  when  the  whole  plaiit  sinics,  the  dead  leaves  continue  to  adhere  to  iU 
The  annual  fall  of  leaves  in  autumn  appears  to  be  a  natural  separation 
nearly  of  tiic  same  kind,  which  takes  place  when  the  leaves  are  no  longer 
wanted ;  tlie  growth  of  the  plent  being  diacontinved,  and  tiieir  fanctkma 
being  no  longer  required. 

Succulent  planta  generally  die  when  the  cnttde  la  rmoved^  hut  not  all 
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««lu(r  plmki.  Tli»iirappeantobefigiiiioaitov^gildiltswkM 
nfltanl ;  htnoe  ariBes  the  benefit  of  Mr.  Fonjtli's*  nMkhod  ot  completely 
excludiaf  the  air  ham  the  woiudad  parts  of  t^ees,  by  meana  of  wbidit 
tluir  losses  are  oAaii  In  great  meaanie  iqiaiied,  and  they  acquire  new 
Btrangth  and  vigonr.   Sometimes  a  diminution  of  the  magnitude  of  a  tree 
immodiately  increases  its  fertility  ;  its  force  beintr  more  concentrated  by 
lopping  otV  its  useless  braTU'bo*^  and  leaves,  it  prcxluci's  h  lar<;or  (laantity  of 
fruit,  with  the  juices  which  would  have  been  expended  m  their  nooriah- 
ment. 

The  Linnean  sy8t«m  of  vegetables  ia  confe^edly  ratlier  an  artificial  than 
H  natural  one ;  but  it  hi  extremely  well  adapted  for  practice,  and  its  uni- 
Teraal  adoption  haa  been  prodootive  of  the  meet  impoitant  impiorementi 
In  tha  aeiMiM  flf  botenjr.  Of  the  24  ola^pa  into  which  Lhm^  has  divided 
the  vegetable  kingdom,  28  are  ditttnguiahed  bythefbrma  of  the  flowers  and 
fruity  and  tha  24th  bgr  tlM  want  of  a  ngnlar  flanocanea.  Tlia  fint  10  an 
namad  fioin  iiMiiiaiidria»  in  <sder»  to  daeandxia  $  tfaaniollflfwdodecaiidria; 
iooaandriay  and  poljandiia;  the  names  expressing  the  number  of  tha 
stamina,  or  filamenl%  aaximmding  tha  eeed  vessel ;  and  the  orders  ara 
deduced  in  a  similar  manner  from  the  number  of  piatila  or  little  colunsa 
immediately  connected  with  the  seed  vessel ;  and  denominated  mono- 
gynia,  digynia»  and       fortli,  m  fnr  as  y>olyc'vnia.    Tliese  classes  differ 
little  in  general  with  r(  spect  to  their  natural  lial>it«',  exrppt  the  twelfth, 
icoeandria,  which  is  characterized  by  the  attac  Imu nt  of  the  tila:nent8  to 
the  gjreen  c\»p,  surrounding  the  flower,  and  which  compreijeudii  the  most 
common  fruit  trees  :  tiiis  clasa  has,  however,  been  incorporated  by  some 
later  botanists  with  the  next.   In  the  third  class  we  find  most  of  the 
natnial  otrdarof  gnmea;  thafifth,  pentandria,  is  by  far  the  most  nnmeroua 
of  any;  the  rfxth  contalna  the  lilie%  and  many  other  bnlboM  planta.  Tlia 
14th  elaai^  didynamia,  ia  known  by  two  kngar  and  two  ihortar  ffiamanta; 
it  ia  yetftetly  natural,  and  oomprehends  flowers  aindhr  in  their  tintetan 
to  the  ka^Tt  and  the  deadnettle.  The  Ifith  ahK>,  teCradynamia,  is  a  olaaa 
•r  planti  efapong^  ohaiaetariaed  even  by  chemical  pnipertiaB;  two  of  the 
filaments  are  here  ikorter  than  the  other  four :  cresses,  radiahe%  and  many 
other  acrid  and  ammoniacal  vegetables,  belong  to  thia  class,  as  well  as  tha 
turnip  and  cabbage,  which,  when  cultivated,  become  mild  and  nutritious. 
The  class  monadelphia  contains  a  few  plants  similar  to  the  mallow  ;  they 
are  knnwTi  hy  the  union  of  the  filaments  nt  their  bases  into  a  cylinder : 
those  itf  ilii'  next  class  have  generally  nine  united,  and  one  scpftrnte,  wlrence 
the  claHs  is  named  diadelphia  ;  it  contains  the  papilionaceous  tliAvere,  some- 
what resenii>iing  a  butterfly  in  their  form,  like  the  pea,  and  other  legu- 
minous plants,  tlie  broom,  the  fur^,  and  the  acacia.   The  18th  class,  poly- 
adelphia,  has  the  filammta  of  ita  flowers  united  into  aevenl  maeeee  or 
ImndlH^  as  the  hyperionm  or  tnftmn.  TbB  next  daaa  b  perfaetly  natural, 
,  end  eeotaina  tha  oompodta  flowan^  which  hava  a  peenliar  union  of  tha 
.'•onudtoaf  thaflkmanta;  it  ia  named  syngeneda:  annflowwi^dairim^and 
iiliehoke^  are  fhmittar  examplee  of  the  planta  of  thia  dam.  The  20th 
dm,  gynandriay  though  it  containa  tha  natural  family  of  tha  oediidei^  baa 
*  Ob  the  Dkeesei  of  Pomt  Trees,  1791. 
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been  omitted  by  some  late  botanists ;  here  the  filaments  are  fixed  on  thm 
pistil  ;  or  more  properly,  in  the  arumH,  within  the  pistils.    The  three  fol- 
"Jowing  classes,  nionoecia,  dioecia,  and  poiygamia,  ditfer  from  the  ri  si  in 
having  some  flowers  with  filamenta  or  chives,  aud  some  with  pistils  only, 
either  on  the  same  plant,  or  on  difierent  plants^  or  mixed  with  flowers  of 
themom  eommafa  conafcrnelum.  Meet  of  the  forest  trees  beiloag  to  thaas 
eluM%  Imt  the  distinctions  which  sepante  theu  finm  other  elMses  are  Mi 
always  veiy  nnifininlj  pcasarred,  aiid»  for  this  naauiy  nany  later  botenbte 
have  disnsed  tiieni.  The  plants  of  the  last  cUm,  crypteganu%  are  ggeeed- 
ingly  numerous  ;  the  families  of  ferns,  mosses,  algae,  or  memhraiioiiswasdad 
and  fungi  or  muslirooms,  fill  up  it^i  extensive  departments ;  some  have  also 
separated  a  part  of  tlio  alorie  tinder  the  name  of  hcpaticae,  or  gelatinous 
weeds.    In  this  class  the  fructification*?  are  extn  iiu  1y  various  ;  some  of 
the  fuel  and  confervae  approach  so  much  in  tlu  ir  i^oiu ml  apju  arance  and 
mode  of  growth  to  corallines  and  zoophj-tes,  that  they  seem  to  form  an 
ohrfooa  oomModon  between  tha  lowest  laiilca  of  the  Tegetable  and  animal 
kingdoms ;  while  other  planti  of  tha  daas  are  aewcely  distinguiAaUa  bj 
their  appaaiaaoe  from  aome  of  tha  pvodnetiona  of  tha  niaand  Idnfdom. 

The  French  hare  introdnoed  into  ray  ganeral  uae  Ilia  botanieai  system 
of  Jussien.  The  most  prominent  feature  in  this  system  is  tha  dirision  of 
all  the  genera  into  a  hundred  natural  orders,  which  are  also  arranged  in 
fifteen  classes.    Jiissiew  beffins,  like  Limit',  with  the  «jeparfition  of  crvpto- 
gamic  from  phanerogamic  plants;  the  seeds  of  tliL'  civ])t-j'-:aniu-  ]ilants, 
which  fonn  the  first  class,  being  without  cotyledoasi  or  b€t  1  Ka\  Cb,  and  &li 
other  plants  being  distinguished  into  such  as  have  seeds  witii  one  and  with 
two  cotyledons*  Aoeordingly  as  the  stomina  or  filam^ts  are  inserted 
below  the  pistil,  on  the  calyx,  or  on  tha  aeed  Toasd,  tha  first  deaoiiptiott  of 
aeada  alforda  thiea  distlna  claesei.  The  phata  which  hnve  two  oatyledona 
foltow,  and  are  ditddad  into  apetalous,  monopetalooi^  and  polypelaloaa^ 
horn  distinctions  respecting  the  corolla  or  flower  leoTee^  which  are  aomo 
what  arbitrarily  understood  ;  and  lastly  diclinous,  from  the  separation  of 
the  stamina  and  jiisti1«i.    The  throe  first  of  these  divisions  are  snbdirided 
according  to  tiie  insertion  of  the  stamina,  and  the  union  or  sofmration  of 
the  antherae,  which  they  support,  into  ten  classes,  making,  with  the  four 
already  mentioned,  foiirteeu,  to  which  the  diclinous  plants  add  a  fifteenth. 
The  orders  are  datennined  wilhont  any  particular  limitation  of  the  parts 
from  which  tha  cbaiaotett  are  taken.  This  system  ia  of  aeknowlodgod 
merit  as  *  philoeophleal  daaeification  of  the  naAunl  ordeva  of  planta; 
OBch  TegetaUes  as  nearly  agree  in  their  habita  and  ^peanaoea  bemg 
biougfat  more  uniformly  together  than  in  the  system  of  linne.  Henoe^ 
in  the  arrangement  of  a  botanical  garden,  or  in  a  treatise  on  the  chemical 
or  medical  properties  of  plants,  it  might  be  employed  with  advantage  ;  but 
for  the  practical  purposes  of  botanical  investigation  it  appears  to  l>e  utterly 
unfit,  since  its  author  has  sacrificed  all  logical  and  system  at  icai  laws 
to  the  attempt  to  follow  nature,  in  analogies,  which  are  often  disioverable 
only  with  great  difficulty,  and  which  are  seldom  reducible  to  methodical 
deAnitioofl* 
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ON  ANIMAL  LIFE. 

The  functions  of  animal  life  are  not  only  vuM  oomplicaied  in  the  same 

individual  than  those  of  vegetation,  T)ut  also  more  diversified  in  the  different 
classes  into  whitli  animals  are  divided;  ho  timt  the  physiolocry  of  each 
class  lias  it.s  p<'culiar  laws.  We  are  indehtrd  in  Linne  for  the  first  enlar^:e- 
nient  of  our  views  uf  the  different  rhi-stM  nf  animals,  and  porhnjis  for  the 
most  convenient  arrangement  of  tlie  animal  kintrdom  ;  aUli  ii^h  his 
method  has  never  been  uuiversaU/  adopted  by  our  neighbours  on  tiie  con- 
tinent. 

A  oomidcnble  portion  of  the  bulk  of  all  animals  ia  compooed  of  tiilralar 
▼«m1^  whioli  orfginiiale  in  a  hMii ;  the  heart  propels  throngh  the  aiteries, 
with  the  ftieietance  of  their  own  mnseiilar  powers^  either  a  eolonriese 
tnitipeniit  fluid,  or  a  red  blood,  into  the  extremities  of  the  veins ;  tiirongh 
wideh  it  agsin  rsttmu  to  the  ori|pn  of  its  motion.  Both  insects,  and 
Twaes,  or  worms,  have  their  drcalating  fluids  a  little  wanner  than  die 
somanding  mediom,  and  generally  oolonrlcsB ;  but  inseds  have  legs  fur- 
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nishetl  with  joints,  nnd  worms  have  nothing  but  simple  teiitacuU  tao= 
in  the  place  of  legs,  i^'i-siies  have  cold  mi  blood,  which  is  exp<:i*^  tola- 
iiifhioiice  of  tlie  air  contained  in  water,  hy  means  of  their  zlll*.  T^- 
iiiiijiliihia  receive  the  air  into  their  lungs,  but  their  bliH.iI  is  cuIJ,  Hkf  Jl. 
of  fishes,  and  in  both  these  classes  the  heart  has  only  two  regular  cA^r 
tie%  while  that  of  anifnals  with  warm  blood  has  four ;  the  whole  eoaia* 
of  one  pair  heing  oUiged  to  paai  through  the  lungs,  in  order  to  nivt  c 
the  other  piir.  Of  animak  withwannbloo(^theoWpaxo«tt«se1iad%«M 
are  generallj  eorwed  inth  feathei%  the  Tiviparoiis  are  etlbar  q^tmitrnft^ 
or  oetaeeone  animali^  and  are  Atniahed  with  ofgans  lor  mUn^  tfear 
yoni^. 

Eaeh  of  theee  daeses  of  animals  is  subdivided  by  Liim^  into  difk^ 
orders,  of  which  we  shall  only  be  able  to  take  a  very  cursory  viev.  Xk 
fint  clae%  denominated  mammalia,  from  the  female's  suckling  its  yooj^ 
comprehends  all  viviparous  animals  with  warm  blood.    Thei^e,  wit!t  v«-r 
few  exceptions,  have  teeth  fixed  in  tlieir  jaw  bones  ;  an  1  from  tho  forru  «>: 
number  of  these  teeth,  the  orders  are  distintnii'^he^l,  except  that  "f  ►?& 
ceous  tishes,  which  is  known  by  th(*  fins  that  are  found  in  tlie  place  o«f  Wet 
The  distinctions  of  the  teeth  arc  somewhat  minute,  but  they  appw  ' 
be  connected  with  the  mode  of  life  of  the  animal,  and  thty  are  toltTii'  . 
natural.    The  first  order,  primates,  contains  man,  monkeys,  and  bals ;  tfc  : 
second,  bruta,  among  others,  the  elephant,  the  rhinoceros,  the  ant  taia,  i 
and  the  onilthoiyhiicii%  an  eactraotdinary  quadruped,  lately  dSaamwrf  ■ 
New  HoUand,  with  a  bill  Bke  a  dudc^  and  aoniflliines  teetfa  inserted  bdM 
it ;  but  there  are  Bome  eospieione  that  the  animal  iaoTiparona.   The  eeiff 
fisrae  oontaine  the  seal,  the  dog,  the  cat,  the  lion,  the  tiger,  the  wiMiiil,  mi 
the  mole,  most  of  them  beaete  of  prey;  the  npfteiiiin  and  tho  kangaiee  alo 
belong  to  this  order,  and  the  Icangaroo  feels  on  vegetables,  altfaoi^ii 
teeth  are  like  thoee  of  carnivorous  animals.   The  fourth  order,  glirei^evD- 
prchends  beavers,  mice,  squirrels,  and  hares ;  the  fifth,  pecora,  camels,  ffoaii. 
sheep,  and  homed  cattle.    The  sixth  order,  belluae,  contains  the  hor>f,  u- 
hippopotamus,  and  the  hog.    The  cetaceous  fishes,  or  wliales,  form  tk 
seventh  and  last  order  ;  they  reside  in  the  water,  envelopc*^!  in  a  thick 
clothing  of  fat,  that  is,  of  oily  matter,  deposited  in  cells,  w  hich  en«M» 
their  blood  to  retain  its  temperature,  notwiUifitandiug  the  external  ooaufi  1 
of  a  dense  medium  considerably  colder.  | 
are  distinguished  from  quadrupeds,  by  their  laying  eggs ;  ihtj  , 
are  alio  generally  feathered,  although  some  lew  are  rather  haiiy ;  «d  | 
instead  of  lianda  or  fore  1^  they  haTO  wings.  Their  eggs  an  oowed  If  I 
a  ealcarioae  shell ;  and  they  eonsist  of  a  whits^or  albnmtD,  which  niwuiAa 
the  ehiok  dniing  incabatioii,  and  •  yoU^  which  is  so  snspaided  withm^ 
as  to  preserre  the  sideon  which  the  little  mdiment  of  acfaichien  la  »tnete4  i 
continually  nppermoeti  and  next  to  the  moth^  tliai  la  sitting  on  it.  The 
yolk  is  in  great  measure  received  into  the  abdomen  of  the  chicken  a  littit 
before  the  time  of  its  being  hatched,  and  serves  for  its  support,  like  iht 
milk  of  a  quadruped,  and  like  the  cotyledons  of  young  plants,  until  t^.f 
system  is  become  sufficiently  ntrong  for  extractoig  its  own  food  oat  of  tin 
ordinaiy  nutriment  of  the  species. 
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Hi  1(1  s  are  divided,  according  to  the  fonn  of  their  bills,  into  six  orders: 
acoiyiitro!*,  as  eag:le8,  vultures,  and  hawks;  picae,  as  cniws,  jackdaws, 
liummiML,^  ]iir<^«*,  and  parrots;  anscres,  as  ducks,  swans,  and  gulls ;  {rrullne, 
as  "heroiis,  woodcocks,  and  ostridie^i ;  galiinat,  as  peacockf*,  j  lieasanta, 
turkies,  and  common  fowls ;  and,  lastJy,  patweresy  comprehending  sparrowsy 
larks,  bwallows,  thrushes,  aiui  doves. 

The  amphibia  are  in  some  respects  very  nearly  allied  to  birda :  but  their 
blood  is  little  wttRBflr  Hiaa  the  nmoiindiag  mfrHfam.  Their  respiration  It 
noi  neoMaarily  perfoniMd  in  a  continual  roocwsion  of  aHematloni^  dnm 
the  whele  off  their  Uood  does  nolpan  tfaioiigh  tiio  lang%  and  the  dreulik 
tiim  may  oonUnne  witliont  latnraption  in  other  petta^  altiioagli  it  mt,y  be 
impeded  in  theee  oigani^  for  want  of  the  motion  of  nepiration.  They  aie 
Teiy  tenacious  of  lifis;  ft  liaa  been  asserted  on  good  authority  tliat  eome  of 
them  have  lived  many  yean  without  food^  indoeed  in  hollow  trros,  and 
^  eren  in  the  middle  of  stones ;  and  they  oftm  let^  veatigea  of  life  some 
,   days  after  the  loss  of  their  hearts.    Their  eggs  are  generally  covered  with  a 
membrane  only.    They  have  sometimes  an  intermediate  stage  of  existence, 
in  which  all  their  parts  are  not  yet  devt'loped,  as  we  observe  in  the  tadpole; 
and  111  this  respect  they  resemble  the  class  of  insects.    They  are  now  uni- 
versally considered  as  divided  into  two  orders  only ;  reptilia,  as  the  tortoise, 
the  dniijon,  or  flying  lizard,  the  frog  and  the  toad  ;  all  these  have  four  feet; 
but  the  animals  which  belong  to  the  order  serpentes  are  without  feet. 
Most  of  the  serpentes  are  perfectly  innocent^  but  others  haye  iangs,  by 

*  wliieh  they  instil  a  poiacmov  ilvid  into  the  wounds  that  tliegr  makei  In 
^  £n|^and  the  Tiper  ia  the  only  venomoiis  serpent;  it  ia  Imown  by  its  dark 
'  hmwneoloiir,  and  bj  a  stripe  of  whitidi  spots ronning  along  its  back;  bat 
^    to  mankind  its  Mte  is  setdom,  if  eyer,  fataL 

'       The  first  three  classes  of  animals  liave  Innga^  as  we  have  already  seen, 

for  respiration,  and  receive  air  by  the  month ;  those  which  have  gills,  and 
^  red  blood,  are  fishes,  rssidiqg  either  in  fresh  or  in  salt  water,  or  indif- 
'     ferently  in  both  ;  their  eggs  are  involved  in  a  membrane,  and  have  no 

*  albumen,  (if  the  six  orders  of  fishes,  four  have  rep'nlar  ^\\\^,  stipported 
'      by  little  honfs ;  and  tin  y  are  distinguished,  according  to  the  place  of  their 

ventral  fins,  into  aj  mIc'^,  as  the  eel  and  lamprey;  jugulares,  af  tbf  cod ; 

*  thoracici,  as  the  sole  and  perch,  and  Hii<l<iiiiiimles,  as  the  salmun  and  piko; 
<      distinctions  which  appear  to  be  perfectly  ai  tilu  iaJ,  although  useful  in  a 

systematic  arrangement.  The  two  remaining  orders  are  without  bones  in 
i  the  gills,  those  of  the  one  being  soft»  and  of  the  other  cwrtiUiginons  or 
i  gristly.  These  are  the  branchioetegi  and  ehondropterygii  of  Artedi,  wiiich 
t  JAxm4,  frtm  a  mistake,  dawned  among  the  ampMbia.  The  son  fish,  tlie 
i  lamp  fiah,  the  fishing  fifog,  and  the  sea  horse,  are  of  the  former,  and  the 
(  staigeon,  the  akate^  and  the  shark,  of  the  latter  order. 
1  hiaeets  derive  their  name  from  being  almost  alwayt  divided  into  a  head, 
I  thorny  and  abdomen,  with  very  slender  intervening  portions :  although 
(  thise  divisions  do  not  exist  in  ail  insects.  Th^  are  usually  oviparons : 
I  they  respire,  but  not  by  the  month  ;  they  have  a  number  of  little  orifices 
on  each  side  of  the  abdomen,  by  which  the  air  h  rprrived  into  their  rami- 
I       fied  tracheae ;  and  if  these  are  stopped  with  oil,  they  are  suffocated,  in- 
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rtead  of  bonea,  they  liATe  a  hud  int^gnxncnt  or  didl.  IMr  moIIm  si* 
fotmed  on  otnutractbnsatremelj  ymnooa,  bat  gouralij  rery  coroplkatad: 
lUvieiin*  has  made  thaoe  parts  tfaa  bans  of  Us  daasifiealioiL ;  hni  fmtn 
fhcir  miniiteiiMi  in  moat  wpttSm,  the  method  ie,  in  pmoliiee^  inaapafablj 

iueonTanient ;  and  the  only  way,  in  which  anch  characters  can  ha  nndavad 
feaUy  useful,  is  when  tliay  an  employed  in  the  subdivision  of  the  gene!i% 

as  determined  from  more  conspieuous  tli'?tinfiIons.  Insects  have  most  fre- 
quently jaws,  and  often  several  pairs,  Lut  tJu  y  are  always  w  j)laced  as  to 
open  laterally  or  horizontally.  Sometinu-,  instead  of  jaws,  they  have  a 
trunk,  or  proboscis.  In  general,  they  pass  through  four  stag^  of 
existence,  the  egg,  the  lura,  or  ^age  of  growth,  the  pnpa,  or  chrysalis, 
wbifih  is  nsoally  in  a  state  of  tcnrpar  or  oompktainaflliTity,  and  liis  imago, 
or  perfeot  inssel^  in  its  nvptisl  capaolty.  After  tlie  last  diange^  tiis  insect 
Buist  fire^usntlj  tskes  no  food  i£U  its  deattu 

The  T.iwitf^  orders  of  insects  are  the  cdeoptera,  with  hard  sheaths  to 
their  wing%  generally  oaUsd  beetles ;  the  hemiptcn,  of  which  the  Aeartia 
are  of  a  softer  nature,  and  cross  each  other,  as  grasshoppers,  bugs,  nod 
plant  lice  ;  tlie  lepMoptern,  with  (hi^ty  scales  on  their  wings,  Tnjtterfliea 
and  moths  ;  the  neuioptera,  as  the  iibellula,  or  dragon  fly,  the  may  fly, 
ami  ther  insects  with  four  transparent  wings,  but  without  stings  ;  tht 
hymenoptera,  wiiich  Imve  stin^  either  poisouous  or  not,  as  bees,  wasp^ 
and  ichnettmona ;  the  diptera,  with  two  wings,  ss  oonmon  ffiee  and  gnats, 
whieh  havehaltani^  or  balancing  rods,  instead  of  the  seeond  pair  of  wings ; 
and  hMtly  the  aptera,  withont  any  wings,  which  foim  the  mmdk  order, 
eompwhending  eiabi^  lobeten^  shiimps  aind  piawns,  fnr  these  aie  praperly 
insects;  spiders,  scoipions,  millepeds,  centipede,  mites,  and  monoculi. 
The  monoculus  is  a  genus  including  the  little  sotive  iimects  found  in  pond 
water,  which  are  scarcely  visible  to  the  naked  eye,  as  well  as  the  Molucca 
crab,  which  is  the  largest  of  all  insects,  beini?  wmetimcf  «tx  fw*  b>ng. 
Besides  thet^e  there  are  several  eenera  of  apterous  iiisecti*  which  are 
parasitical,  ami  infest  the  human  race  as  well  as  other  animals. 

The  vermes  are  the  last  and  lowest  of  animated  beings,  yet  some  of  them 
sie  not  deficient  either  in  magnitude  or  in  beauty*  The  most  nstuial  difi- 
rions  of  Tsimee  ie  into  fiye  orders ;  tlie  inteetina»  as  earth  worms  and 
asearides,  which  are  distinguished  by  the  want  of  moveable  sppendagee,  or 
tentacula,  from  the  molluiea;  sucli  the  dew  snail,  the  cuttle  fish,  the 
sea  anemone,  and  the  hydra,  or  fresh  water  polype.  The  testaoea  have 
shells  of  one  or  more  pieces,  and  most  of  them  inhabit  the  sea,  and  are 
called  shell  fish,  as  the  Umpet,  the  periwinkle,  the  snail,  the  iim«f  l«%  the 
oyster,  and  the  barnacle.  Die  order  zoophyta  contains  coriUiuies, spon^i-s, 
and  other  compound  animals,  united  by  a  common  habitation,  which  has 
the  general  appearance  of  a  vegetable,  although  of  animal  origin  ;  each  of 
the  Utile  inhsbitanti^  sMembling  a  hydra,  or  polype,  imitating  by  its 
extended  arms  the  appearance  of  an  imperfect  flower.  The  last  order, 
infusoria,  is  ecarceiy  distinguished  tntt  the  inteetina  and  moUusca  by  aiqr 
other  chnscter  than  the  minnteness  of  the  individuals  belonging  to  ii,  and 
their  spontaneous  appearance  In  animal  and  y^getable  inliisioo%  where  we 
«  KatoMlogfa  Sptnuliee, «  veto.  HelUie,  1792^. 
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can  dJaoover  no  taMM  of  the  nuniMc  in  wkUii  tiny  ait  pcodueed.  Tha 
proowa,  by  wbidi  thiEr  niimbat  te  ■oawtiHws  incwmd,  iano  IflasastoiiUli' 
||ig  llm  thflir  fMt  piodiietioii ;  fiir  atmal  of  tlw  gem  often  appear  to 
.  divide  ipontaiieoiialj,  into  two  or  mora  paiti^  which  become  new  and  db- 
^tanct  animals,  so  that  in  each  a  case  the  questioii  fMpeotiiig  the  identity  of 
an  individual  would  be  very  difficult  to  determine.  The  volvox,  and  some 
of  the  ynrticellfie  are  remarkaMe  for  their  contintial  rotatory  motion, 
prohaMy  intended  for  the  purpose  of  straining  their  food  out  of  the  water  : 
while  6«>me  other  speciea  of  the  vorticella  resemble  fungi  or  coraliinea  in 
miniature. 

Among  the  animidfl  of  tiiese  differNit  classes,  the  more  perfect  an  in^ 
fonnod  of  tha  qoalitiM  of  eztenal  objects  by  tha  wniat  of  tooebf  taate^ 
■maU,  hoaringy  and  vlalon*  A  hm  qnadrnpeds  are  incapabla  of  loeing : 
the  mole  bM  an  oya  oo  nnatt  as  to  ho  with  diffioolty  dirtfaigiiUiaUe ;  and 

the  maa  typhhu^  supposed  to  be  Uie  aspaiaz  of  Aristotle,  haa  it*  eye  com* 
pletely  covefod  by  the  skin  and  iakgomenta^  without  any  peifaation. 
Birds  have  hearing,  hut  no  external  ears,  or  auriculae.  Insects  appear  to 
want  the  organs  of  ainell ;  hut  it  is  not  impossible  that  tlieir  antennae  may 
answer  tlie  purpose  of  hearing.  Many  of  the  vermes  are  totally  destitute 
of  sight,  and  some  of  all  the  oi^ns  of  ben^e  :  liuno  of  them  have  either 
ears  or  nostrils.  The  external  senses  of  animals  \>  iUi  warm  blood  are 
naoalfy  liabia  to  a  periodical  alala  of  inactirity  in  the  night  time,  denomi- 
nated alaep*  It  ia  mid  that  flthm  norw  deep ;  and  it  b  voU  known  that 
lomo  animala  paw  the  whole  of  the  seTerest  part  of  the  winter  in  a  state 
nearly  resembling  their  nsoal  sleep. 

In  animab  which  approach,  in  their  economy,  to  that  of  the  human 
sy^m,  the  process  for  supporting  life  by  nutrition  begins  with  the  m&sti- 
cntion  of  the  food,  which  has  been  received  by  the  mouth.  The  food  thus 
prepared  is  conveyed  into  the  stomach  by  the  operation  of  swallowing  ; 
hut  in  ruminating  cattle,  it  is  first  lodged  in  a  temporary  rccoptucle,  and 
more  completely  masticated  at  leisure.  In  the  stomach,  it  undergoes 
digestion,  and  being  afterwards  mixed  with  the  bile  and  other  flmd% 
poozod  in  by  tha  livtr  and  tha  ncighboiuring  gUnds,  it  beoomm  fit  fox 
affbrdiog  the  chyJa^  or  nntiitiTa  jnie^  whidiissepanM  from  it  by  tha  ab- 
sorbents  of  the  intmtines^  in  its  pMsigo  throitgjh  thecoiiTohilioDS  of  aeaaal 
naarly  forty  foei  in  lengtti.  Together  with  the  chyle,  all  tha  aqueous  flnida^ 
which  are  swallowed,  must  also  be  absorbed,  and  pass  through  tha  thomda 
duct  into  the  larjj^  veins  entering  the  heart,  and  thence  into  the  general  cir- 
culation, before  they  can  arrive  at  the  kidneys,  by  which  the  superfluous 
parts  are  rejected.  The  chyle  passes  unaltered,  with  the  blood,  througli 
the  right  auricle  and  ventricle  of  the  heart,  and  enters  the  lungs,  to  he 
there  more  intimately  mixed  with  it,  and  perhaps  to  he  rendered  animal 
and  vilal ;  whflo  tha  bkod  rsouTm  ftom  the  air,  in  the  sune  places  a 
supply  of  oxygen,  with  a  small  portion  of  nitiogen,  and  ooiils  some  saper* 
tnoos  oaibonie  mtlsr,  in  tha  fonn  of  oarbonio  tdd.  The  Uood,  thai 
rsndind  aiterhd*  rstnming  to  ths  left  side  of  the  hotrl^  ia  disbibntsd 
thence  to  every  part  of  the  system,  8uppl3ring  nutrimont  throag^Mol* 
white  ths  glands  and  aiteri6»  ssersta  fnm  it  soeh  fluids  as  are  hsesma 
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ixkiiwlaBt,  tad  mil     a»  w|uind 
W  fh*  animal  Iwdkiia.  It  m  ftMdy  is  ikmrn 
«ToIv6d;  for  hy  experiinentsialiTiqf  iohiiali^  ifc  las  been  fmiBffl^ 
blood,  retanung  firom  the  Hugi^  b  sot  warmer  tlian  before  its 
into  than:  we  must  thewfoaaaappam,  tliat  wiien  the  floiid  artwr 
is,  hy  some  unknown  mpans,  conrerted,  in  the  extreme  rajtirfr cations  «f 
the  art<'np%  into  the  purple  Yenous  blood,       return  to  the  heart  br  tb^ 
converg^ing  branches  of  the  veins,  there  is  a  iiuich  ni  re  coixsiderabl*-  cBcn- 
cation  of  heat,  than  in  the  conversion  of  venous  into  aiieiLal  blood,  l-Tttf 
alisorptiou  of  oxygen  and  nitrogen  in  the  lun^.    If  the  cbyle  ac^i^ 
««nveiied  into  blood  in  the  lun^,  it  is  here  ilkit  uc  iiiUi>L  bM->k  for  tir 
formatioa  of  the  red  globules,  thoae  singular  corpuscles,  to  wliick  lixe  hiom! 
owM  ite  ealMgnr,  as  it  does  its  powar  «f  conffliliiflan  to  a  gltttinotta  Ijufii, 
mMwiilialflaiooi^alaUaMram.  TImiidpailialaamilinlnnMilW 
affaabauty^TcCan  inoh  ia  diaaatar»  anaiawliai  abloaig^ 
tiMy  Jmf  aaoilly  the  mfeanmaa  af  >  darit  point  in  tiia  eantoa  g  boi 
ia  amna  laaaim  ia  tttyaat  Hmfc  thia  is  ■w^yanaptiMl  ilBCHf  Hun,  laa 
ftwaaimalitlMy  an  «  littlanaileiv  but  in  most  of  tha  innphilna,  mndb 
larger  and  flatter  than  in  man*  Wlulathe  lymph  teoBaiaB  flnii^  after  tk 
blood  haa  baea  withdrawn  fnm  the  vessela,  these  gMmlaa  land  to  aabnk. 
and  to  leave  it  semttraasparent :  hence  arises  the  appeaiamoa  of  a 
coat  on  blood  left  to  ooagulat^  which  is  thinner  or  thicker,  aaeocdipg^ai 
the  j^lobnlcs  are  "^^oner  or  later  ftrreated  in  their  descent. 

Tile  muscles  are  probably  furnished  hy  the  Moor!  with  a  store  of  ihi: 
unknown  ]irincipie,  by  which  they  arc  rendeiLd  cfij'iililc  *'f  c< > utractm?.  f^ 
}jro«lucini?  locomotion  or  for  other  purpoetji,  in  obeiiience  to  tlic  influfii 
transmitted  by  the  nerves  from  the  sensoriuin  ;  the  brain  and  nertvit> 
system  in  general  are  also  sustained,  by  means  of  the  vascular  cLrcuiati*:}^ 
in  a  At  atate  far  tMamnitling  the  impressions,  made  by  external  ohjeoi 
on  tha  BMiae%  to  tba  inunadiata  aaat  of  thought  and  mammrj»  ia  At 
ataapiivaa;  aai  to  oanfaTinji  tha  dialat»  of  tiba  wfi^  and  tha  IwUlmi 
impaliea  abaoit  independant  of  volitlooy  to  tha  maaealar  paita  of  lit 
wholsftaaiab 

In  what  mmmer  thtaa  fooipraoal  impimsioiii  are  tramanittad  hj  At 
aanrci^  haa  nsrar  yet  haoi  fldly  determined :  bot.tt  lualong  been 
tured  that  the  medium  of  communicatiaa  may  T>ear  a  (inside 
to  the  electrical  fluid ;  and  the  axtrane  amsiUlltj  of  the  neriaa  ta  Iki 

sUghtest  portion  of  electrical  influence,  as  well  as  the  real  and  n^paieal^ 
spontanr otm  excitation  of  that  influence  in  animiil  bodies,  which  have  bm 
of  late  years  evince<i  l)y  galvanic  experinipnt^,  ha^  o  rtd  letl  very  materiAliy 
to  the  probability  of  tho  ojiiuion.    An  oxt i (  in eiy  slender  tibre,  of  a  sub- 
stance capable  of  coiidnctiag  electricity  vith  perfect  freedom,  envdope^  in 
a  sheath  of  a  perfect  nonron<lu<  tor,  wuuld  perhaps  serve  to  commuoicace 
an  uupulse,  very  nearly  iu  tiie  saniu  manner,  as  the  nerves  appear  to  do. 
Indaed  nothing  oaa  ba  mare  fit  tocoaetitata  a  <ymnaBttiig  link  Uiwem 
material  and  immaterial  beings,  than  ■ome  modifteattea  <rf  a  flaidywU 
ta  dibr  vmy  ooniidar^,  ia  iti  cmeptkl  pmpartia^  km  lb 
giom  aMUtr  of  tiM  aaiTene^  md  to  poaaae  a  aafeCiiil^  eai 
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ail  activity,  which  entitle  it  to  a  superior  r&uk  in  the  order  of  created 

"When  a.11  the  functions  of  animal  life  are  carried  on  in  their  perfect  and 
natural  manner,  the  aniiniU  \b  said  to  be  in  health :  when  they  are  dis- 
turbed, a  tttttto  of  dfwiM  tnmm.  Th»  ffiieiw  to  nWh  fhe  haman  frtms 
is  liable  are  eo  wions  and  irregular,  that  tbqr  eaimot        bo  redneed 
to  any  syvtematifial  order.  Dr.  Cnlkii  has  dlvidod  {hem  into  four  daaaee* 
Pabxile  iHimaneii,  whicih  eonstitate  fhe  first  dasi^  consist  piincipaUy  in  an 
faiPTeawe  of  the  freqoency  of  the  pokatioiis  of  the  heart  and  arCeriei^  toge- 
ther witii  an  elevation  of  the  temperatuie,  Ihe  whole  animal  economy 
iMlng  at  the  same  time  in  some  measure  impaind :  tiiey  are  often  accom- 
panied by  -unnatural  or  irregular  actions  of  tiie  vessels  of  particular  parts, 
constituting  local  inflammations,  which  were  formerly  considered  as  a 
deriv^at^oTV  of  discasofl  hninours,  falling  on  those  parts:  tluisi,  a  pleurisy 
is  a  fever,  with  an  iriflainmatinn  nf  the  mernliranc  linin?- thr  diCKt.  Tlio 
Incapacity  of  a  part  to  pc  rfnrm  its  fuiu  tions,  upon  the  aj  plirution  of  a 
!       natural  htimulus,  or  perhaps  more  fre«inently  the  incapacity  of  the  nerves 
I       to  transmit  to  it  the  dictates  of  the  mind,  constitutes  a  palsy :  Ruoh 
J       derangementa,  and  others,  by  which  the  actions  of  the  nervous  system  are 
\       peculiarly  impaired,  form  the  class  of  neuroses,  including  spamodic  afleo- 
t      tiona,  madnesB^  meUncfaoly,  and  epilepsy.  A  general  derangemmt  of  the 
k      gyt^mn,  withont  ftiver,  or  any  peeidiar  debOity  of  the  nerves^  eonslitntes 
the  daaa  of  eachectie  disoasM^  snob  as  atrophy,  oonsomption,  scrofiilay 
I      and  diopqr*  Bandes  these  dissassfl^  we  hare  a  fonrth  class^  consisting  of 
I      local  affections  only,  snch  as  hUndneu^  deafhesi^  tnmonn,  and  Inxations. 
I  Notwiflistanding  the  laboon  of  men  of  the  greatest  learning  and  genius, 

I  tentinned  for  many  centoriei^  it  must  he  confessed  that  the  art  of  healing 
I  diseases  is  still  in  a  state  of  great  imperfection.  Happily,  howcTer,  for 
I  mankind,  we  may  observe  in  almost  all  cases,  where  the  offending  cause  ie 
I  discoverable,  and  where  the  system  is  not  at  once  overwhelmed  by  its  maj»- 
I  nitude,  a  wise  and  wonderful  provision  for  removing^  it,  by  a  mechanism 
I  admirably  simple  nvni  efficacious ;  and  it  is  reasonn'>Tp  to  conclude,  where 
the  cause  is  more  obscure,  that  the  same  bencvoieut  Providence  has  em- 
I  ployed  agents  equally  well  adapted  for  counteracting  it,  although  their 
.         operations  are  utterly  beyond  the  reach  of  human  penetration. 


On  the  subjects  embraced  In  tids  Leeture,  fhe  reader  may  consult  Roget's  Brtdg- 
wster  Treatise;  Danria's  Zoonomia,  i  vols.  1304;  or  the  great  works  of  Buffon, 
Histoire  Naturelle.  127  vols.  Paris,  1799-1808,  and  CinHpr,  Regne  Animal, 
tnoslated,  in  16  roii.  Lond.  1824>33.   liebig's  Aniuuil  Cheaustry,  8vo.  1843. 
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ON  THB  HI8I0RT  OF  TBBBBSTRUL  FHT8IC8. 

Thbovohouv  the  wliole  of  naiiiii^  m  diseover  a  iendoicgr  to  llie  miil-' 
tiplieatioii  of  lift^  of  Mtivitj,  and  of  ogoyine&t :  man  it  pkeod  si  the  hoid 
of  terrestrial  bdnga*  the  oii^  one  that  cooq^v^iidiy  aod  that  can  tnoe»  in. 

a  faint  outline,  the  whole  plan  of  the  universe.  We  hare  seen  the  inntimer- 
aUe  laminaries  which  enliven  the  widely  expanded  regions  of  immeasar- 
ahle  space,  with  their  brilliant,  but  distant  emanations  of  li£rbt  and  heat. 
Revolving  round  ihvm  at  leaser  intervala,  and  cherifihed  by  their  fostering 
influences,  are  tlu  ir  j  huiLiis  and  their  comets  ;  those  preserving  their  dit>- 
tances  nearly  equal,  and  these,  ranging  more  widely  from  the  upper  to  the 
lower  regiuos,  without  limits  to  their  numbers  or  to  their  motions.  Having 
conjectured  what  might  possibly  ezM  on  othiv  planetary  globes,  wa 
deeeended  to  our  owi^  and  eyamined  Ite  atractme  and  the  proportions  of 
UeputB.  Next  we  itndied  the  general  properties  of  the  nutter  within  ooT 
nadi»  and  tiien  the  particolar  sabstanoes  or  qualities  that  are  either 
not  ™itf^f^^  or  are  distingnldied  hf  very  remarkable  properties  from 
other  matter,  as  we  found  them  concerned  in  the  j)henomena  of  heat,  of 
electricity,  and  of  magnetism  ;  nnd  we  afterwards  examined  the  combi- 
nations of  all  these,  in  the  great  atmospherical  apparatus  of  nature,  wliich 
serves  for  the  exJiibition  of  mf'teorological  phenomena.  The  forms  and  the 
laws  of  animal  and  vegetable  life  liave  been  the  last  objects  of  our  inqui- 
zisB ;  hnt  the  magnitnde  of  some  dcpaitments  of  natoial  lurtory,  and  the 
obeenri^  of  others,  have  prennted  our  entering  matt  than  snperfcuUjr 
npoa  toy  of  them. 

Of  the  gradual  adTancement  of  astronomy  we  have  already  talcai  a  hii^ 
torical  view.  With  leipect  to  the  other  aeienees  comprehended  nnder  the 
denomination  of  proper  physics,  the  progress  of  discovery  has  gen^^lly 
been  slow,  and  fref|uently  casual.  Tbp  ancipntn  Imd  little  or  no  substantial 
knowledge  of  an  y  part  of  physics,  except  astronomy  and  natural  history  : 
their  opinions  were  in  general  mere  sp^ulations,  derived  from  fancy,  and 
inapplicable  to  the  real  phenomena  of  nature.  Opinions  such  as  these  will 
only  require  to  be  so  far  examined,  as  to  enable  us  to  trace  the  imperfect 
mdiments  of  disooveiis^  iHiicb  wete  cnl^  oempleted  after  iaterrals  of  many 
agts^ 

The  Chinese  are  said  to  hare  been  acquainted  with  the  use  of  the  com- 
pass abore  3000  years  ago  ;  but  in  such  aeeonnt%  it  ie  impossible  to  ascer- 
tain how  far  the  spirit  of  national  vanity  may  have  induced  a  hi^orian  to 
falsify  his  dates.*    It  has  been  conjectured  that  the  death  of  Numa,  like 

that  of  Professor  Richmann,  was  occasioned  by  some  ungTiarded  experi- 
ments on  the  electricity  of  the  atmoqpheie,  which  drew  on  him  the  effects 

♦  Coniolt  Daviea  on  the  History  of  Maznetical  Discovery,  British  Aaand,  1837. 
Klaproth,  Lettre  ii  M.  de  Uamboldt  sor  1' laventioo  de  Is  Boesiole. 
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of  atfamidecaloimtiMitiPit  pMtiiigby.  U;  howmr^  «Im  fiwk  was  0iieli» 
the  «zpaii]iMiits  anut  pfobaUyhsva  bMn  BUggtrtednilfaer  by  m  ■orMcnUl 
diaoofUjp  of  the  light  oil  tlia  poliifc  of  a  ^Msr^thaa  bjaajnlioiiil  opfailQiift 

xs^oetijig  the  nature  of  the  ethereal  fire. 

Thalefl  is  the  most  ancient  of  lh«  Grociaa  philooophen^  who  appear  to 
have  Horiously  studied  the  phenomena  of  nature.  He  supposed  water  to  be 
the  i?cneral  principle  from  which  all  material  thin<,'S  are  formed,  and  into 
which  thi'V  are  resolved  ;  an  opinion  wliich  was  without  doubt  suggested 
to  hull  by  the  obvious  effect*  of  water  in  the  nutrition  of  plants  and  of 
animals.  He  particularly  noticed  the  properties  of  tlie  magnet^  which  had 
b««n  bofora  oboerfwl  to  attnot  bon,  a«  w«ll  aa  tha  ofibct  of  fridaoa  in  Mmr 
citing  the  alectridty  of  ambw ;  and  ha  atfarihnled  tobothof  thwo  ■nbrtaaow 
a  oertain  degno  of  aaiiaatioii,  wfaidi  ha  eooaideiad  at  tha  only  original 
Bonree  of  motion  of  any  kind. 

Anaximander  appears  to  have  paid  soma  attention  to  meteorology ; 
•he  derived  the  winds  from  the  rarefaction  of  the  wr,  produced  by  the 
operation  of  heat :  thunder  and  Hghtuinu'  he  attributed  to  the  vin]eut 
exploaion  or  bursting  of  the  clouds,  which  he  seems  to  have  consi<h  red  aa 
ba^,  filled  with  a  mixture  of  wind  and  water.  The  same  mistaken  notion 
was  entertained  by  Auaximenes,  who  compared  tlie  light  attending  the 
•zplorion,  to  thatwlueh  b  fre<|uently  exhibited  by  theiea»  whtnitnak 
with  an  oar. 

Fythagom^  gnat  aa  ha  vaa  in  aoma  olhar  dapaitmanta  of  aoiana^  n»> 
Boned  leapaetiag  phyiloal  affiwii  in  a  mannar  too  matbamatical  and  yiaioa* 
aiy,  to  allow  him  much  claim  to  ha  lanlced  among  thoae  who  hava  aindiad 
to  investigate  tha  minute  opaiationa  of  nature. 

Anaxagoras  was  so  far  from  confining  himself  to  the  supposition  of  four 
elements,  which  was  most  generally  rpeeivf<l  by  the  philosophers  of  auti- 
qnity,  that  he  imagined  the  number  of  cU  iiKnts  nearly  if  nut  absolutely 
infinite.  lie  conceived  that  the  nltimate  atoms,  composing  every  Sttb- 
stance,  were  of  tiie  bame  kind  with  ihixi  substaivce,  and  his  systom  waa 
thenoa  callad  tlia  homoeomeiia ;  it  aiiad  perhaps  lem  fnm  tha  troth  than 
many  of  the  mov^pioTalent  opiniona,  DenioGritii%  adopting  tha  aanti* 
manta  of  Lenoippna^  pvopoaad  a  atill  moio  ooneet  thaoiy  of  tha  oonrti* 
tation  of  matter,  aapponng  it  to  be  ultimately  so  far  homogeneous,  that 
tlw  weight  of  its  atoms  waa  propoitional  to  their  bulk.  He  asserted  tliat 
the  forms  of  these  atoms  were  different  and  unalterable  ;  that  they  were 
always  in  motion,  and  that  besides  their  primitivt^  (hlfri  once  of  form,  they 
were  also  suBceptible  of  a  variety  in  the  mode  of  tlicir  ari  aiitrcnu  ut.  The 
space  not  occupied  by  the  atoms  of  matter^  he  coiu>iiiered  a  perfect 
vacuum. 

Aa  Thalea  had  soppoaed  water  to  ha  tha  liiat  principle  of  all  things, 
and  Anaximaaea  air,  ao  Hafaclitua  iizad  on  fiia  as  tha  foundation  of  hia 
lyatani,  attributing  to  it  tlia  property  cf  eanatant  motion,  and  deriving 
all  Idmis  of  groaaer  matter  Irom  its  eondenaation  in  difihrmt  degrees. 
This  doctrine  waa  wholly  nnanpported  by  any  thing  like  naaon  or  obser- 
vation. 

Plato  iatrodooed  into  phUosopby  a  Tariety  of  i^agjn*tM>fi«^  which  resem- 
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Ued  the  fictions  of  poetry  much  more  than  the  truths  of  science.  He 
maintained,  for  example,  that  ideas  existed  independently  of  tlie  human 
mind,  and  of  the  external  world,  and  that  they  composed  Lein^^  of  dillereni 
kinds,  by  their  nnion  with  an  iniperfwt  inattor.    It  is  observed  by  Bacon, 
in  his  essay  uu  tliL  njjinions  of  I'arnieni  Ks,  that  the  most  ancient  philo- 
bophers,  Empedocit'^,  Anaxagoras,  Aiiaxiiuenes,  Heraclitus,  and  l>emo- 
crituti,  submitt«d  their  minds  to  things  ai>  Uiey  foimd  tiiem  ;  but  Umt  i'lato 
nade  tlie  wwid  mibject  to  ideas,  and  AristoUe  made  even  idea^  aa  wall  m 
aUotber  tiiiag%  aabwrviant  to  worda ;  the  minda  of  warn  Iw^iifay  io  be 
oeeupied,  in  thoae  ttoM^  with  idle  diaeoMHWia  and  rmM  diBpvtatienv  wad 
the  eonect  inTaitigalSiwi  of  aalnve  lidng  wimillj  negfeotad,  Flato  tuk^ 
tainady  liowo?ar»  aome  correct  notions  respecting  the  distinction  of  denser 
from  rarer  matter  by  its  greater  inertia ;  and  it  would  be  exkemdy  unjust 
to  deny  a  very  high  <lM<rrec  of  merit  to  Aristotle's  oxy>er5inental  researches, 
iu  various  parts  of  natural  philosophy,  and  in  particular  to  the  vast  col- 
lection of  real  information  contained  in  liis  worka  uu  natural  history. 
Aristotle  attributed  absohite  levity  to  fire,  and  gravity  to  the  earth,  consi- 
dering air  and  water  as  uf  au  intermediate  nature.  By  gravity  the  azudents 
appear  in  genefal  to  have  nsdmlood  a  taBdenef  tewaide  the  ewtiw  of  tha 
earHiy  wfaidi  thegr  cooaideied  aa  identieai  with  that  ef  the  uuvene ;  aadaa 
loBgr  e»  thej  entertained  tUa  «^en,  it  waa  almoet  importilde  that  thBj 
•hoold  suspect  theoperatSon  of  a  mutual  atfefaetion  in  all  mattai^  aa  a  eama 
of  gravitation.  The  first  traces  of  thia  moie  ooReet  opiaioii  tmptd&Dg  it 
are  found  in  the  works  of  Fltttavelk 

Epicunii^  appears  to  iiare  reasoned  as  justly  respecting  nmny  particular 
subjects  of  natural  philoHophy,  as  he  did  a})surdly  rcspectinj^  the  origin  of 
the  world,  and  of  tlie  animals  which  inhaliit  it.  He  adopte«l  in  great  mea- 
sure the  principles  of  Democritus  respecting  atoms,  but  attributed  to  them 
an  innate  power  of  affecting  each  otlica^a  motioni^  and  of  declining,  in  Mieh 
a  manaery  aa  to  conatitiite^  by  the  divenrity  of  their  apontaneoaa  amqg^ 
menta,  all  the  varietiM  of  natoiel  bodita.  He  eonddeted  both  heat  and 
cold  aa  material;  the  heat  cautted  hy  the  ann  he  thoni^t  not  aheofaitalj 
Ittdentlcal  with  lig^t,  and  even  went  lo  fv  aa  to  coniecture  that  some  of 
the  sun's  rays  might  possibly  possess  the  power  of  heating  hodifi^  and  jet 
not  affect  the  ««en<8e  of  vision.  In  order  to  explain  the  phenomena  of 
magnetism,  he  su])po.sed  a  c\irrcnt  of  atoms,  passing,  in  certain  directions, 
thmntrli  the  inMiriiet  an<l  through  iron,  which  produced  all  the  effects  by 
their  interference  with  ea(  li  other.  Earthquakes  and  voica&os  be  derived 
from  the  violent  explosions  of  imprismied  air. 

Among  all  theaa  opinSdns  «nd  oonj>etiiro»  thne  ia  aeandy  any  one 
which  waa  eckntifically  eetablished  npon  wiio  foondations.  Some  inaolated 
obMmtiofu  had  a  oerteia  degree  of  nuiit  $  and  we  find  many  intenating 
facts  relating  to  different  departmente  of  natural  knowledge^  not  only  in 
Aristotle,  but  also  in  Thec^luraetus,  Dioecorides,  and  Pliny,  as  well  as  in 
some  of  the  historical  writers  of  anti<iuity.  Protagorides  of  Cyzicum,  who 
is  (| noted  by  Athenaeus,  relates  that  in  the  time  of  king  Antiochus,  it  was 
usual,  as  a  luxury,  to  cool  wati  r  hv  evaporation  ;  and  it  is  not  impossible 
that  tho  custom  may  have  been  introduced  from  the  east,  where  even  ice 
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1ft  frw£Uinitly  made  at  present  by  a  suuihur  process ;  athen  of  lh»  MwiwiM 
Iwd  MMurked,  sooofding  to  I>r«  Filoner,*  tW  'wrtaor  MftUy  horn  thi 
inoztt  TftttdOgr  iiw  lusfktg  }ma  boOfld  |  aad  ft  is  poMftblo  tbftt  ioBM  otfais 
dgttwahed  obanrattoosof  a  ilmUariMtaniBayooBartollNfewhoh^^ 
wrtcwHy  to  mdn  llMn  tbjeett  €f  ittMidi, 

The  thirteeuth  osntaiy  may  be  •owAtatod  i8  tiwdite  of  ibe  miTal*  if 
ntt^  of  the  mpmineaneiit,  of  ]>hysical  4iioov«iles»  Our  «oitiiti7iiia% 
IU>^r  Hacon^  vrm  one  of  its  principal  oniHMiiti :  lie  spears  to  have 
anticipated  in  his  knowledge  of  cliemistry,  as  well  as  of  many  other  parts 
of  natural  philosophy,  the  labours  of  later  times.    The  polarity  of  ihc 
inapriictic  needle  is  described  in  some  lines  which  are  attribnted  to  Guyot,  a 
Krcnch  poet,  who  lived  about  1180  ;  but  some  persons  are  of  opinir»n  that 
tliia  description  was  actually  written  by  Hugo  Bcrtius,  in  th»   inikMle  of 
tive  succeeding  century  ;  and  it  is  g^erally  believed  that  the  cuuipiit>a  was 
first  ermployed  in  navigation  by  Gioja  of  Ainaiti,  about  the  year  12f)0  ;  he  is 
said  to  have  marked  the  north  with  a  fleur  de  lis,  in  compliment  to  a 
faniMh  of  tlia  lojd  ftinify  ti  fteee,  ihm  reigning  at  Naplee.  Thm 
derHnation  of  the  needle  from  the  tnie  |»  leatkmeJ  bgr  Fit«r 

Adalgor,  the  author  of  a  maimseiipt  wUck  beaie  the  date  1S60.  The  poet 
DKnte»iPf]iollonuliedat  the  etoie  of  ftb  CBiitBiy»  dietiiigoMied  hiiawlf 
noi  «ftfy  by  liU  Uteiaiy,  bat  alee  by  Ue  plrikeephleal  pnnnits;  and  we 
find  among  his  nfoneroas  works  aa  anay  on  tbe  aafeoie  of  tlie  elements. 

The  learaed  and  VDhiminous  labours,  by  which  Getner  and  Aldnrrandve 
Mudebed  the  rarions  departments  of  natnral  history,  may  be  considered  as 
comprehending  the  greatest  part  of  what  had  been  done  by  the  ancients  in 
the  investigation  of  tbe  economy  of  the  animal  world  ;  but  their  works 
have  too  much  tiie  ay  iKarance  of  collections  of  what  otben  had  Mifnrtgdj 
ratlitijrthan  of  original  ul  servntions  of  their  own. 

The  first  of  the  moderns  ^vhose  discoveries  respectiiii:  tlie  ]>roy.erties  of 
i\;\tvnTLl  bodies  excite  our  attention,  by  their  novelty  and  uupuitance,  is 
JJr.  Gilbert,  of  Colchester  :  his  work  on  magnetism,  published  in  151)0,  con- 
tains a  copious  collection  of  valuable  facts,  and  ingenious  reasonings.  He 
aleo  axliiidad  Ua  laoiMrehci  to  aimy  otiier  bnatdiea  of  eefanei^  and  in 
partiealar  la  the  oaljaet  of  tieotridty*  Kbad  been  lond,  fak  the  pieoed- 
iBg  oentmyytiMiitmlfiDU',  ae  well  aa  amber,  was  capable  of  deotrieaadlatipn, 
and  GUbeit  made  aumy  ftnther  eocpevinenta  on  the  natuia  of  elastrie 
phenomena.  The  ehaage  or  Ysriatton  of  the  dediaation  of  fhe  needle  ie 
commonly  said  to  have  beat  dieoorered  by  G^brand,  a  piofeeeor  at 
Qnriiam  college,  in  the  year  1625  ;  but  it  must  have  been  infemd  from 
Gaalei^e  ofaeervalioni^  made  in  1622,  if  not  from  those  of  Mair,  or  of  aome 
other  person,  as  early  as  1612  ;  for  at  this  time  the  dftrlinatiffin  was  eon* 
aderably  less  than  Burrows  had  found  it  in  I  fJoO.f 

In  tbe  beginning  of  tho  Rcventeenth  century,  Lord  Bacon  nrqnired,  by 
his lfttMi:i!tU  rffnrt'?  tn  ex]i](ule  the  incorrect  modes  of  reasonitiL',  which  liad 
iHxupied  the  schools,  the  just  character  of  a  rdTormer  of  phiii^phy ;  but 

*  On  the  Knowled^  of  the  Ancients,  Manch.  Mem.  i.  261 ;  iii.  278. 
t  Burr  iu:!is'<;  Dissertation  in  Norman's  New  Atlnutive.  3rd  edit.  Gellibrand^ 
on  the  V  ariaUun  of  tbe  Mag.  Needle,  16^15.    See  Robison,  Mec.  Ph.  iv.  354. 
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big  tmitMwtiate  digeo?wiww«w  adtlMr  atafOcliig  norBnmmiwM,  InMBfi^ 
be  ptopooed,  with  respect  to  heat^  an  opimon  wlaeh  appears  to  hare  baas 
at  that  time  new,  inferring,  from  aTariety  of  eonsiderations,  whieb  he  has 
wwj  minutely  detailed  in  his  Novum  Organum,  that  it  consisted  in  an 

expansive  motion,  confine'l  and  reflected  within  a  body,  so  as  to  Tiecome 
alternate  and  tremulous;  liaN-ing  also  a  certain  tendency  to  asj^end.**  A 
similar  opinion,  respecting  the  vibratory  nature  of  heat,  was  also  »ucr* 
g^ted,  about  the  same  time,  by  l>avid  Gorlaeus,  and  it  was  afterwards 
adopted  by  Descartea,*  aa  a  part  of  hb  hypothena  laapectiog  tha  conatitii- 
tion  of  matter ;  wbicli  he  imagined  to  oooiiit  of  atoma  of  diiinnBt  fomm, 
poasearing  no  property  hesfdee  axtenwon,  and  todciiTe  all  its  other  qoalilioa 
fnm  the  opetation  of  an  elhereel  and  ihfinitelj  elaatie  flnid^  contfaraallj 
revolving  in  diflerent  orders  of  vortices. 

A  much  more  important  step,  than  the  proposal  of  any  hypothms  con* 
oentingthe  nature  of  licHt,  was  also  made  about  the  year  1G20,  by  Corneliua 
Drebel,  who  appears  to  have  been  the  original  inventor  of  the  mpthml  of 
measnrinL;  ihv  degrees  of  heat  by  a  thenuometi^r.  ThetitUity  of  the  iwAm- 
ment  remiiined,  however,  much  hniited,  for  want  of  au  accurate  methyl  uf 
adjutitlng  its  scale,  and  it  was  not  till  Uie  close  of  the  century,  thai  Dr. 
Hooice'e  diieovery,  of  tha  pennanency  of  iha  tempenrtma  of  boilii^f 
waler,  afforded  a  eorrect  and  eonvenient  limit  to  the  eoale  on  one  lide^ 
while  the  melting  of  anow  eerred  for  lixing  a  iimilar  point  on  tha  other  ; 
although  there  would  have  heen  no  great  diffieoUy  in  forming  a  scale  suffi* 
dently  natural,  from  the  proportion  of  the  expanaion  of  the  fluid  wmtained 
in  the  thermometer  to  its  whole  bulk. 

It  was  about  the  year  lf)28,  that  Dr.  Ilarvey  f  nucceeded  in  demon- 
strating, by  a  judicious  and  c.inchisive  train  of  experiments,  the  true 
course  of  the  circulation  of  tin-  IJoud,  tlirough  the  veins  and  arterie'*,  liotk 
in  the  perfect  state  of  Uie  animal,  and  during  its  existence  txn  an  embryo. 
Servelua  had  ezplinily  awertedy  in  hia  work  on  Ihe  Trinity,  as  early  as 
the  year  1563^  Uiat  the  Uood  peif  oimed,  in  ita  paemge  (hrongfa  the  lang% 
a  eomplete  rerolation,  baginning  nd  ending  in  the  heart ;  and  Giealpinaa 
had  even  ezpreend,  in  1568,  aoma  aoepidona  that  tha  oirenlation  of  the 
whole  body  was  of  a  similar  nature ;  but  neither  of  these  anthora  had 
advanced  any  satisfactory  proofs  in  confirmation  of  his  opinions. 

In  the  mid  !le  of  the  seventeenth  century,  the  barometer  was  invented  by 
Torricelli  ;  the  variation  of  the  atmosplieric  pressure  was  discovered  by 
Descartes  ;  and  i'ascai  made  several  experiments  on  the  difference  of  its 
magnitude  at  different  places,  which  tended  to  illui^rate  the  principle^  on 
whidi  Uie  method  of  determining  heights  by  barometrical  obaenratious  is 
founded* 

What  Geeoar  and  Aldrovandua  had  before  done  with  regard  to  the 
animal  kingdom,  wai  performed,  a  century  later,  for  tha  vagotable  world 

by  John  and  Caspar  Bauhin,  whose  works,  as  collectiona  of  all  that  waato 
be  found  on  reeord  reipeeting  the  dietinctiona  and  propertiea  of  planta^ 

♦  Prfndp.  Pbikw.  Ptot  IV.  §  29. 

t  Exercitatio  Aiiatoniica  de  Motu  Cordis  ct  Saiiguiiiig,  Francof.  1628  :  his  expc* 

riments  were  made  in  1616.  Consult  Cuvier,  Lefoos  sur  i'Uist.  des  Sci.  NaU 
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l»«ve  not  yet  been  npeneM  bj  the  Utwt  paUleatiaiiB.  Our  eonnftiy* 
mcEO,  Ray  and  WUlughbjr,  ooufcribvled  ako  to  tidd  nmeih  new  matter  ta 
the  sfcoM  of  natnnl  blitoryv  in  all  He  departaeali ;  and  thrir  laboim^ 
BM  well  6i  tiioeeof  Tonxnefort  and  R^nmur,  ave  of  the  nnnre  taln%  aethej 
were  move  etndioas  than  their  piideeeiwBia  to  diecriinlnalie  trath  from 
fiction. 

The  foundation  ef  the  most  celebiated  of  the  ]»hUoaopbieal  societies  of 
Kurope  renders  the  latter  half  of  the  seventeenth  century  a  very  interesting 
period  in  the  history  of  natural  knowlcdp^e.  The  R^yal  Society  of  London, 
and  the  Academy  of  Sciences  of  Paris,  have  alwiiys  been  tlie  most  distin- 
guished of  tlu'se  :  and  the  i'lurcntiiie  Academy  del  Cimeuto,  f\ltlii>ui,'h  its 
labours  were  not  of  long  duration,  produced  at  finjt  in  a  shurt  time 
a  very  copious  and  interesting  collection  of  experiments,  relating  to  various 
tiubjecla  of  physical  research.    In  the  Royal  Society,  Boyle,  llooke,  and 
Newton  were  tiie  most  indu^rious,  as  well  as  tlw  most  successful  inves> 
tigatofi  of  natoial  phenomena:  the eimnenlaix dootiinee of  ohemletiy,  the 
naime  of  eombiietion,  the  effifieti  of  heat  and  edd,  and  the  lawa  of  attno- 
tioDy  repnbdon*  and  ooherion  were  attcntiveljr  enramfaiwi  and  dieeomed. 
Tha  azpandon  of  waler,  hj  a  rednotionof  ite  temperatui^  near  the  freea- 
mg  points  waa  first  obserred  by  Dr.  Cnnme ;  although  hia  ezperiminta 
were  ooneideied  by  Dr.  Hooke  aa  iaoondneiva,*  The  attention  of  tha 
society  was  direeted  by  Newton  to  the  phenomena  of  electrici^,  some  of 
which  had  V)een  a  short  time  before  particularly  noticed  by  Guericke  ;  the 
mode  of  making  electrical  experiments  was  greatly  improved  by  Hauks- 
bee  ;  this  accnrato  r>!)servcr  iin  retif^ated  also  the  nature  of  capillary  attrac- 
tion witli  consitlt  l  ulflc-  sun  *  ss.    I^iixly  in  the  succee<linijr  centurj',  many  of 
the  lilt  uiIk  r-i  of  the  Academy  of  Petersburg  f  llnwtMl  tlie  example  of  other 
HocieUe^  with  great  indu??try  ;  and  the  ex|><  i  imcnts  of  Hichmann  on  heat 
were  among  the  first  and  best  fruiU  of  their  it-aearches. 

Ih.  iioUey  employed  himself,  with  the  most  laudable  zeal,  in  procuring 
informatloiL  respecting  the  vaiiation  of  the  odnpam;  ha  nndertook  a 
voyage  round  the  world,  for  the  ezpresa  pnipoee  of  making  magnetical 
obettTtliona ;  and  he  pnblidied  a  ohait  of  vaiiationy  adapted  to  tha  year 
ITOObf  He  aleoooUeoted  many  partiealanreepeeting  tha  trade  winde  and 
mooMKnuy  and  he  endenToured  to  azpUn  them  by  a  theoiy  whieh  haa 
been  adopted  by  aome  of  the  latest  authon^  Init  whldi  is  in  rmlity  mneh 
lees  satisfactory  than  the  hypothesis  piopoeed  eome  time  afterwards  by 
Badiey.:^  magnetical  inveetigationa  were  continued  with  great  dili* 
gence  by  Montaigne  and  Dodson,  who  publibiied,  at  diflFerent  periods,  two 
charts  representini:  the  successive  states  of  the  variation.  Kuler,§  Mayer,|( 
and  others  liave  attempted,  in  later  timen,  to  dii^cover  such  general  laws  aa 
miglit  be  sufficient  to  <!etermine  the  magnitude  of  the  variation  for  every 
part  of  the  globe  ;  l>ut  tlnir  succesa  has  been  very  mucli  iiniited. 

The  science  of  eletuiciL_y  was  diligently  cuiuvated  in  the  middle  of  the 
iMi  century  by  Stephen  Gray,  Dufay,  Winkler,  NoUet,  MuEscheubroek, 

•  Birch,  iv.  2fi,  253.  f  Ph.Tr.  xxiii.  1106.  J  See  p.  f,HI. 

i  Uut.  et  M^m.  de  Berlin,  1755,  p.  1U7  i  1757,  p.  175 :  1766,  p.  213. 
I  GStt  Ane.  17fiO,  p.  (39 ;  1762,  p.  377. 
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ad  IMkliii.  At  flttiy  w  1785  it  wat  i«n«riBBd  Igr  Gmy, 

«Mrfe  fin  flMDied  to     «f  thie  ««•  natn  m  ligfafaiiiig    tad  thdr 

idMitUjr  WAS  aftnwards  more  strongly  asserted  by  Winkler,  and  nptii- 
moittlly  demonstrated  l>y  Franklin.  The  shock  ol  a  disiged  jar  was  first 
disoorered  by  Kleist,  in  1746  ;  and  the  experiment  was  repeated  by  Lalla- 
mand  and  Muascbenbirtek,  who  described  its  diKaeroeable  effects  on  the 
sensations  with  an  exaggeration  not  the  most  philos(i]'h!cal.  The  theory  of 
the  nature  of  the  charge  was  the  second  great  improvement  made  by 
Dr.  Franiciin  lu  this  science. 

The  introduction  of  the  Linaean  system  <tf  Iwlaiiy  and  aDology  is  to  W 
coorfdtMd  aa  liris^;iiig  Mr'to  pttMini  tin  logic  and  pbnaaology  of 
nataral  history;  nor  baa  its  oslebrated  author  wboQy  mei^aotad  tiia  plulo- 
aophy  of  the  soienos.  The  nninber  and  liw  dlligsooecf  Ms  sneoenors  haw 
■btadj  ionushed  to  the  diffisTeiit  dqMrtments  of  natoial  history-  a  much 
«Bnpler  slore  of  observations  than  eould  eanly  have  been  expected  from  the 
short  time  which  their  laboiir«=i  have  occupied.  BufFon  had  merit  of  a  dif- 
ferent kinH,  and  tliough  his  fancy  was  too  little  rpirulatctl  by  TiMtliLiiiutiral 
accuracy,  tlie  elegance  of  his  writings  have  mudv  tluir  sul.jiM  ts  In^'^hly 
interesting  to  the  general  reader.  Among  otiier  luodern  iiaturaiii!>m  of 
great  reqiectidiility,  Spallanzani,  Daubenton,  D^geer,  Geoffroy,  Pennant^ 
tin  JvMkw^  I«etp«de  and  Uatiy,  have  parlioalatfy  dii^guished  liiam- 
•dvaa  by  tiia  Impoiteiioe  of  fluir  dtsooveriea,  and  tha  aoearacj  of  thafr 
daseriptiona. 

Tha  abaorptioii  of  baai^  dviing  the  oonvernon  of  into  water,  af^poan 
to  have  been  sepaiataty  observed  by  Delnc,  Black,  and  WUke,  about  the 
year  1755.  On  this  «q>eriment  Dr.  Black  principally  founded  his  doc- 
trine of  latent  heat,  supposf>d  to  be  retairetl  in  rliemical  combination  by  the 
particles  of  fluids.  Dr.  Irvine  and  T)r.  Crawford  explained  the  cimim- 
stances  i^umewhat  differently,  by  the  theory  of  a  change  of  c;ip;i<  ity  fi>r 
heat  only.  Bergmanu,t  Lavoisier,  Laplace,  Kirvvan,  S^uin,  and  many 
other  philosophers  have  illustrated,  by  experiments  and  calculations,  the 
varfona  opmloiia  iriiioh  bsra  boon  fBtnfaiiied  od  tUa  subject ;  and  fnr 
chemists,  iRna  tba  timai  of  Boethaavi^  Stabl,  and  Sdioda  to  tbooa  of 
Priestley  and  other  latar  anthon^  have  left  the  propertiss  of  fasat  whoDy 
vunoticed. 

The  elegant  hypothesu  of  Aepmns,  resperting  magnattsmaiid  eleetricity, 
founded  in  great  mensure  on  the  theory  of  Franklin,  was  advance*!  in  17!>9 ; 
our  venerable  countryman,  Mr,  CavpndiHb,  had  invent^^d  a  similfir  theory, 
and  had  entered  in  m.iny  respects  more  minutely  into  tlie  (it tail  of  its  con- 
sequencc^i,  witliout  Ixiiiig  acquainted  w^ith  Aei)inus'8  work  ;  although  the 
publication  of  his  paper  on  Uie  subject  was  12  years  later.  Lambert, 
Mayer,  Coulomb,  and  BoUaon  haft  alto  puraad  biqairifla  of  a  maShm 
natttia^  bofli  tfaaovelioally  and  azpsriiMBtaUy,  ivtth  gnai  anoosss.  Thi 
slaefaophorosof  Wake,andfliacoiidaiiasrof  Volta»ai»M»oiyl^ 
fhiits  of  the  cultivation  of  a  ratkmal  system  of  6laotiicity»  aad  Mr« 
Cavendish's  invost^ataon  of  tha  propartiea  of  tba  toipedo  nay  some  aa 

*  Ph.  Tr.  xxxxx.  24. 

t  Opwcaht  Fhyska  et  Chemios,  6  vols.  Upssfiie. 
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•a  iMlodiil  of  accuracy  and  pcecuion  in  the  conduct  of  experimental 

The  apeoulationi  of  Bcneorioh  FMpceting  ffae  fttndMinntri  proptrtiat  ol 
nmtUvy  and  the  genenl  laws  of  tb»  nmtoal  Mtini  of  liodiM  nak  mab.  lAm, 
h^TB  bMA  eonvdmd  Ibj  aoma  MHidU  w  dflsirv^ 
mondaUoai ;  they  rwinin  hivw«?«r  aliiMMk  hi  all  eaaoa  apwwIrtioMaaJy; 
and  aome  of  tha  most  intricate  of  tfa«B»  being  aaknlated  for  the  explanatian 
of  wime  facts,  which  have  pediApB  baan  mneh  mfaiiBdaratood,  mnit  ca*> 
Mquently  be  both  inaccurate  and  superfluoua* 

The  attention  of  several  experienced  j^hilosophers,  who  are  now  living, 
lias   been    deroted,  with  innch  persevernnce,  to  the  diflFicnlt  mihject  of 
hygromctry.    Deluc's  experiments  hare  uiJi'riHl  x\^  a  very  useful  cuinjmri- 
aon  of  tiu'  liygrometrical  quaiitieij  of  various  substAuces:  {Sttussurc  has 
investigated,  with  great  labour,  the  indications  of  the  hytrromettr  timl  the 
thermometer,  as  connected  witli  the  presence  of  a  certain  portion  of  n  ajiour, 
oontidned  in  air  of  various  densities;  and  Pictet  has  ascertained  »uiue 
wifiilifcr  circuMfinaaa  laapaoting  vapoma  of  dUfivcnft  Isada  whdELy  un- 
mSaoed  wltli  any  air.  The  'hypMheaM^  wbiah  have  vaoaUy  aaoompanlad 
the  nlstaon  of  moat  of  tkaaeaxpeiimeiitii^  have  hoirever  baea  in  ganarai 
too  littia  supported  by  fMtatobe  antitkd  to  nnitacaal  adofridoib  • 

For  soma  yaan  paak^  the  j^nkaofhisal*  as  well  as  tha  snphlkaopirieal 
world  has  bean  aneh  oaeopiad  and  antw4ainad  by  the  diaaorwiaa  of  €tal- 
vani,  Volta,  and  others,  respecting  the  operatwoa  of  the  daatric  fluid.  The 
first  circumstance  that  attracted  Calvani's  nttention  to  tiba  an^act  of 
animal  electricity,  was  the  8gitati<m  of  a  frog,  thai  had  a  nacva  amia^ 
that  is,  laid  bare  and  covered  with  a  metal,  when  a  spark  wm  taken  in 
VtH  ncicrhboTirhood,    A  person  ac(|ns.intpd  with  the  well  known  laws  of 
induced  electricity  might  easiiy  iiave  foreseen  this  effet  t  :  it  proved,  how- 
ever, that  a  frog  so  prepared  was  a  very  delicate  electrometer,  and  it  led 
Galvani  to  further  experiments.    It  has  been  shown  by  Volta,  that  an 
entire  frog  may  be  conviils(<l  by  a  degree  of  electricity  which  affects 
au  electrometer  but  very  wtiikly ;  but  that  when  prepared  in  Gaivani'b 
manner,  it  will  be  agitated  by  an  electricity  oaSr  tfltiath  part  as  great^ 
vbidi  oauMi  bfr^Haaofvred,  by  any  oHmt  wmmt^  wlthovi  tka  artitiatfa 
af  a  eandMMai.  QiliiB^  homwnte,  lonnd  that  a  aooummlaatlaa  Mkia 
batwam  iha  ann^  fl«rva  and  ifea  wuml%  by  mmm  of  any  aondnatlng 
aabalanoa,  was  aaiBoientto  prodnaa  aconvnhion,  without  tha  praaanco  of 
lbn%n  alaaMoUy  i  hence  ha  conalndad  tliat  tha  nmw  and  nntade^  liki 
tlia  oppodta  anrfuaa  of  a  charged  jar,  were  in  contrary  alitaa  «f  alaalriy 
city,  and  that  tha  oommankaHon  produoad  a  discharge  batwc^n  them. 
He  obaervad,  luyvravar,  a  oonaidaiable  diflference  in  tha  effects,  when  dif> 
ferent  metals  were  eaiployad  for  forming  the  circtiH ;  and  this  circom* 
stance  le<l  to  the  discovery  of  the  excitation  of  electricity  by  means  of  a 
cnrnViinntion  of  different  inftnimnt<«  substances  only,  which  Mr.  Davy 
nttril.utes  to  Fabroni,  Creve,  and  Ur.  Ash.    It  was,  however,  still  more 
satisfactorily  demonstrated  by  Volta  ;  and  he  at  first  supposed  that  all 
tbp  phi  iiomena  oWrved  by  Calvani  were  derived  from  effi^ts  of  thii 
kind,  but  on  further  examiuauon  he  was  obliged  to  allow  the  independent 
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•xiflttno*  of  animal  elaolridty.  This  indurtrioiia  and  ingnuMM  phO^ 
gopher  has  the  sole  merit  of  the  invention  of  the  pile  or  baiterj^  wliidi  ham 
rendered  every  other  mode  of  exettiqg  tho  galranie  aetioa  eempm&nHj 

insignificant. 

No  sooner  was  Volta's  essay  communicated  to  the  Royal  Society,  than 
a  pile  was  contstructed  by  Mr.  Carlisile,  and  its  sin^ilar  effects  in 
decomposition  of  water  were  jointly  observed  hy  himself  and  Mr.  Nichoi- 
sou.  The  original  existence  of  animal  electricity,  m  As^ncrted  hy  Galvani 
and  Volta,  has  heen  in  soma  dtgn^  conftnned  by  the  experimcnte  of 
Aldini,  the  nephew  of  Galfani*  A  nunber  of  detaehed  obeervatioBM^  of 
considerable  merit,  have  also  bs«a  made  by  Pfa^  Bitlery  Gnukriumk; 
Wollaston,  Foiueroy,  and  many  other  ebemistfl^  both  in  Uiis  oomtiy  and 
on  the  continent.  But  Mr.  Davy's  late  experiments  most  be  eomadend 
as  exceeding  in  importance  every  thing  that  has  been  done  upon  the  subject 
of  electricity,  since  the  discovery'  of  the  pile  of  Volta.  The  conclusions 
wliich  they  have  enabled  him  to  form  respecting  the  elf  (  int  Ml  properties 
of  such  bodies  as  have  the  strong^cst  tendencies  to  act  chemically  on  eaeh 
other,  and  the  power  of  uiudifynig  and  counteracting  those  tendencies 
which  the  electric  fluid  possesses,  have  greatly  extended  our  views  of  the 
minnte  operations  of  natozc^  and  have  opened  »  now  field  lor  foinro  inT«»- 
tigationa.  I  hope  that  I  shall  be  pardoned  hy  aatrononMra  §n  having 
inserted,  on  this  oooaslony  In  a  vaeant  spsoe  among  tho  oonstellatiom^  In 
the  noghbourhood  of  P^gasos,  the  ^gue  of  a  galvanic  battery ;  which 
must  now  be  allowed  to  have  as  great  pretensions  to  sooh  a  distincfcioa  sa 
the  electrical  machine  and  the  chemical  furnace. 

The  late  ex[>erimeiits  atul  speculations  of  Mr.  Dalton,  on  various  sul>- 
jects,  belonging  to  (iirtti nit  Urniirhos  of  pliysic?,  have  lended  to  place  m^mc 
parts  of  the  science  of  meteorology  in  a  new  light.  It  is  tme  that  many 
uf  his  hypotheses  ai'e  very  arbitruily  assumed ;  aoina  of  ihem  are  lunm- 
festly  eonliBzy  to  oscperiment,  and  others  to  analogy  and  probability ;  at 
the  same  time  bis  lemazks  appear  in  some  oases  to  be  either  perfSectly  cocw 
rect,  or  to  lead  to  determinations  which  are  rafficientlj  aocnrate  for  every 
pcaetical  purpose.  I  have  attempted  to  borrow  from  Mr.  Dalton's  ideaa  soma 
hints^  which  I  have  inooiporated  with  a  le^  exceptionable  system ;  and  hj 
a  comparison  of  his  experiments  with  those  of  many  other  philosophers,  I 
have  d^diieed  some  inethfi'ln  of  calculation  which  may  perhaps  be  practi- 
cally useful ;  in  particular  a  simple  rule  for  dpt(  i  iuining  tiie  elasticity  of 
steam,  and  a  mode  of  reducing  the  indications  of  hygrometers  of  diffierent 
kinds  to  a  natural  scale. 

Count  Rumford's  establUhment  of  a  prize  medal,  to  be  given  every  three 
ycats  by  the  Boysl  Society  to  the  author  of  the  most  valaablo  diseoveiy 
respecting  heat  or  lights  forms  an  er»  less  lomarfcabls^  than  the  fiiii  adjudi- 
cation of  the  medal  to  himadi^  and  the  second  to  Mr.  Leslie*  CoqbI 
Rumford's  numerous  experiments  on  the  production  and  communication  of 
heat  are  hi^y  important,  both  for  the  utility  which  may  be  derived  from 
their  economical  application,  and  for  tlie  assistance  which  they  afford  us  in 
the  in^■t«sligatiuu  of  the  intimate  nature  of  heat.  Mr.  Leslie's  discovery  of 
the  diUereut  properties  possessed  by  suxfaccs  of  different  kinds,  with  regard 
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to  emittiiigtiid  iwetTing  radiant  bwl,  Is  in  eveiy  wniccihigiily  intamtii^ ; 
and  ilM  mnltiplicity  and  divenHy  of  hia  experiuMnta  would  liava  entitiad 
him  to  still  higher  cammendation  than  be  hat  obti^ed^  if  thay  had  hean 
more  limply  and  eixcnmitantially  related.  Pediapi^  however,  none  of 
the  modem  improTementa  in  epeculatiTO  icience  deserves  a  higher  ranic 
than  Dr.  Her«chcl*s  discover^'  of  the  separation  of  heat  from  light  by  re- 
fraction. Mr.  Prevost  liaa  made  some  just  remarks  on  the  experinieTitf  of 
other  j  hilosophers  re<?pecting  heat ;  and  his  own  theory  of  radiant  iicat^ 
and  his  origmtil  investigations,  on  the  effect  of  the  solar  heat  on  the  earthy 
have  tended  materially  to  illustrate  tlic  subject  of  his  researches. 

The  general  lawa  of  the  ascent  and  descent  of  flnida  in  capillary  tubes, 
and  between  platea  of  ditarent  Idndi^  bad  long  ago  been  eskabliahed  hf 
the  asperimcnla  of  Hanktbee^  Juiin^  and  HveeelMnbioek ;  wamy  oHiar 
dTCmnstaiioei^  dependhig  on  ttia  iiina  principle^  bad  been  examined  by 
TayiO!^  Adiaid  and  Gu^^ton  ;  and  some  advances  towiida  a  theory  of  the 
forma  aanuned  by  the  surfaces  of  liquids,  had  been  made  by  Clairaut, 
Segner,  and  Monge.  In  an  essay  on  the  eoliesion  of  fluifls,  read  before 
the  Royal  Societv  in  the  vear  1R04,  1  have  reduced  all  ertects  of  this 
nature  to  the  joint  optiution  of  a  cohesive  and  repulsive  force,  uliich 
balance  each  other ;  assuming  only  that  the  repulsion  is  more  augmented 
by  the  approach  of  the  partidee  to  each  other  than  the  ooheeion ;  and  I 
baTe  liad  tiia  aatiibielion  of  dieeovaring  in  fUa  manner  a  perftct  oom- 
apondenoa  between  many  facta,  whicR  had  not  been  sappoeed  to  liave  the 
digbteet  connexion  with  each  other.  Almost  a  year  after  the  publication 
of  tliia  paper,  Mr.  Laplace  read  to  the  National  Institute  a  memoir  on  capil- 
laiy  tubes,  in  which,  as  far  as  he  has  porsoed  the  subject,  he  has  precisely 
confirmed  the  most  obvious  of  my  conclusions ;  although  his  mode  of 
calculation  appears  to  l)e  by  no  means  unexreptionalile,  as  it  does  not  in- 
clude the  consideration  of  the  effects  of  repulsion,  iiad  my  paper  been  so 
fortunate  as  to  attract  Mr.  Laplace's  attention  before  his  memoir  was  pre- 
sented to  the  Institute,  he  would  perhaps  have  extended  the  results  of  my 
tbaoty  with  tiia  same  anooen^  wbieb  has  imiformly  distinguislied  hia 
laboua  in  ereiy  oOiar  deportment  of  natnial  philosophy. 

When  wo  nfleet  on  the  state  of  the  sdencea  in  geneialt  at  the  bi^ginning 
of  tbo  soTsnteenth  century,  and  compare  it  with  the  progress  which  has 
been  since  made  in  all  of  theniy  we  shall  be  oonvince<l  that  the  last  two 
hundred  years  linve  done  much  more  for  the  promotion  of  knowledge,  than 
the  two  thousand  that  preceded  them  :  and  we  shall  be  still  more  encon raided 
by  the  consideration,  that  perhaps  the  greater  part  of  these  acquisitions 
has  been  made  witliiu  fifty  or  sixty  years  only.  We  have  therefore  the 
satisfaction  of  viewing  the  knowledge  of  nature  not  only  iu  a  state  of  ad-> 
▼anoement,  but  oren  advancmg  with  increasing  rapidity ;  and  thanmTeml 
diffusion  of  a  taats  for  soiflnoe  appears  to  promise,  that,  aa  tha  nnmber  of 
Its  cnHlTators  Increases,  new  facts  will  be  contUraally  disoorered,  and  those, 
wlndh  are  already  known,  will  be  better  understood,  and  more  beneSeiaUy 
applied.  The  Royal  Institution,  with  other  societies  of  a  similar  nature^ 
will  have  the  merit  of  assisting  in  the  dissemination  of  knowledge,  and  in 
the  cultiratton  of  a  taste  for  its  pmsott;  and  the  advantsges  arising  from 
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Cepheus.  .go. 
Ceres.  4i>4.424. 
Chsin.TT^IirFT.?. 
Chain  loaded,  PL  LL 
Chain  pump,  25fi. 
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CohcaioD  of  ftolids,  4m. 
Coheiion  of  waltr,  477. 
Cobeftion  of  wet  platei.  479. 
Coining;,  171. 
Cold,  4ttirm 
Cole,  iSf. 
Colladon,  2&L 
Collector,  PL  4a 
Colliiion,  i7.  PI.  &. 
Coloured  fflneet,  PI.  30. 
Coloured  »l»adowi,  ^57,  PI,  .TO. 
Colours,  ^43. JV.f).  fTT^K  3U. 
Colours  of  diffracted  light.  X4. 
Colours  of  inlrron,  PL  JO. 
Colour*  of  mixed  pUta,  'J(?X 
Col<>ur»  of  natural  bodiea,  .nm. 
Colouii  of  the  »Uni,  X,', 
Colours  of  thin  plates,  a04j,  .:«2i 
Column,  12Li  PL  LL 
Columnaria.  241. 

Column,  comprcued,  extended,  and  bent.  PL& 
Column  crushed,  PI. 
Column  of  mercury,  a04,  479. 
Columiu,  107. 

Combination  of  ribrationi,  PL  36,. 

CumhinAtions  of  tountU,  aiM^ 
Combiiiationt  uf  tides,  447. 
Combined  lever*.  PI.  j. 
Combustion,  ,uo,  4tf<:. 
ComeU,  40L  Mil  4^1.        PL  32,  33, 
Comma  scapement. 
Communication  of  heu.  487. 
Comparetti,  ."Wl. 
Compaw,       iu«i^  PL  fi. 
Compaases,  77- 

Comj)ens.ition  balance*,  PI.  It 
Composite  column,  PL  H. 
Compusiiion,  :un'>. 
Comi>ositlon  uf  force,  PL  3. 
Coropoaition  of  motion,  18,  PL  L 
Compound  tld«,  PI.  38. 
Compound  vibrations,  IM,  Pl.g. 
Compressibility,  2IiQ. 

Compri-»sibility  of  water  and  mercaiy,  iQQ. 

Comprc&jion,  10^  mi^  im. 

Compression  of  a  column,  PI.  9, 

Concave  mirror,  .t?.'>, 

Concavoconvex  lea*,  .'titk 

Concords,  30(1. 

Condensation,  474i  484, 491. 

Condcii.vition  of  the  air,  S.'a. 

Condenner  of  air,  •2^]■>,  PI.  2^ 

Condenser  of  electricity.        PI.  40. 

Conducting  powers  for  electricity,  SI 3,  514. 

t'onducting  powem  for  heat,  4)<7. 

Conducting  |>owcr»  for  magnctum,  fi32. 

Conduction, 

Conductor,  MX 

Conductors  for  lightning,  gSB. 

Confined  motion,  ^J. 

Conical  pendulums,  PI.  2, 

Conical  whctU,  liin. 

Conjugate  foci,  :iiX 

Conjunction,  41k. 

Consonants,  .il.t. 

Constellations,  ^       5^  PL  3C^  5. 


ConUct,  iSL 
Continents,  4.T7. 
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Db|)cniion  of  light,  'J^ 

Distance  of  objecU,  3^ 
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Divisibility.  4<j5^ 
Division,  174. 
Division  of  a  magnet,  538. 
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Dodson .  5H5» 

Dollond,  3^  3a  m  »iL  4fiL 
Dome.  liSi,  PL 
Dominant,  31)2. 
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Door,  Ui. 
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Dulcimer,  3LL 
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Eccentric  wheels,  KCL,  PL  15. 
Ecclesiastical  music,  316. 
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Egg.  574. 
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Egyptian  system,  Pl.ati. 
Egyptian  year,  4ii- 
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Elastic  gum,  LllL  L12. 
Elasticity,  iC^  IntL  481. 
EUsticlty  of  the  air,  PL  12L 
Elastic  medium,  iilL 
Elastic  pipe*, 
Elastic  plates,  ."iii". 
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Elastic  rods  bent,  PI.  2, 
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Electrical  pressure,  Jill. 
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Electricity,  13^  Mfij,  ML  flfii 
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Elevation  of  liqukl*,  422^  PL  3SL 
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Epicureans,  12.  45ft 
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Equal  areas.  PL  L 
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Equation  of  time.  VaTi. 
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Equilibrium  of  electricity,  PL  3g. 
Equilibrium  of  fluids,  PI.  ig. 
Etjuilihridm  of  gase«,  i>04. 
Equilibrium  of  radiant  heat,  iOL 
Equinoctial  tides.  442. 
Equinox,  PI.  aix 
Eratotthenes,  4<il. 
Erldanus.  .1116. 
Esklnard,  ."lyH. 

Essential  properties  of  matter,  MiL. 
Etchmg,  !>■.>. 

Ethereal  mcdi  um.       472.  4«a.  , 

Euclid.  l!tL325. 
Eudoxus,  LliSL 

Euler,      l!il .  982,  .Ti>0,  317.  .Tft),  379.  3»J.  415^ 

421.  4rK^3?n^SS  "CTEulir.  b.  l7Wr<rT783. 
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Evaporation,  492,  551. 
Exciution  of  electricity.  587. 
Excitement  of  heat.  4«M. 
Expanse  of  tlie  universe,  .189. 
Ex})an8ion,  laL 
Expansion  of  pendulums.  133. 
Expansion  of  the  air.  PL  U,. 
Expansions.  496, 
Experiment  on  elasticity.  33. 
Explosions, 

Extension,  na,  Uf,,  yijy,  4r>5. 

Extension  of  a  column.  PI. 9. 

Extinction  of  light.  364. 

Eyck.   Van  Eyck,  23^  188;  b.  1371,  d.  1441. 

Eye,  .150.  PL  30.   

Eyepiece.  336."TL  JJL 
Eytelwein,  2a'>. 


Fabridus,  876. 

Fabroni,  5«7. 

FahfenheilTias.  498. 

Falconer,  afi. 

Fall  In  a  fluid,  2Q3. 

Fall  of  a  heavy  body.  23^  82. 

Fall  of  a  feather, 

Fall  of  leaves, 

Fan  for  com,  2<U. 

Faraday.  54L  Mil 

Fata  Morgana,  34S, 

Faunius,  276. 

Felt,  LtL 

FelUng.  143. 

Fermat.  .{7f>,  iiS& 

Fidler,  l^Tft 

Field  glass,  aSL  PI.  25jL 

Figure  of  the  earth.  435,  PL  34. 

Fire,  488. 

Fire  engines,  255^  27(1,  PL  23, 
Fishes.  23L  m  525. 
Fixed  ecliptic.  iiH^  PI.  32i 
Fixed  stars,       PI.  36^32. 
Flageolet,  aii. 
Flakes  of  sw>w.  348. 
Flame,  12. 

Flamstced,  460,  4(U  ;  b.  1646.  d.  I71ft 
Flaa,  liL 

Flemish  weaven.  187. 

Flexible  flbret,  13ft 

Flexible  vessels,  iUQ. 

Flexure,  105,  liij.  Uix  113.  4flf».  482. 

Flexure  of  columtu  and  ban,  PL  ^ 

Floating  bo<lies.  2!iL4i8^  PL  12. 

Floodgates,        PL  2L 

Fkwr.  114. 

Flower.  /iW. 

Fluid.  i;tsr~ 

Fluids.  134. 

Fluoric  acid.  ^ 

Fluor  spar,2iL 

Flute.  :)14. 

Flute  pipe,  PL  at 

Fluxions,  191. 

Fly,  lOi. 

Fly  clocks,  145. 

Fly  wheels,  137. 

Focus,  .324. 

Focus  of  a  lens.  286. 

Focus  of  the  eye,  .T53. 

Fomalluut.  .185. 

Fondeur.  UiJ. 

Fontenelle,  190.122. 

Foot, 

Forbes,  5Qii  fiJfi. 

Force,  19,  2Jj^  fio.  Accelerating  force,  2L  C«»- 
trifugal  ToTi-e,  ak  Definition  of  force,  »1. 
Deflective  force,  2!h    Regit  latino  of  force.  68l 

Force  of  electricity.  KM. 

Force  of  magnctitin.  1(4. 

Forces.    Regulation  of  hvdraulic  forces.  941. 

Forcing  pump,  2.V4.  27(i,  PL  a. 

Forge  hammer.  PI.  1ft 

Forge*.  121. 

Forging,  no. 

Form  of  the  sky,  35^ 

Forms  of  the  planets,  ill. 

Formulae  for  elasticity  of  sleem,  ft% 

Forsyth,  .'•.71. 

Fossil.*.  5<;i. 

Fourcroy,  .W8. 

Fracture.  105,  110. 113. 

Fracture  Jroin  heat.  4!i4, 

Frame  for  rectilinear  motion.  PL  1^ 

Frame  saw,  PL  i. 

Franc,  9Q, 

Franklin.  50^^  M8,  M8i  »>•  1706,  d- 1791. 

Fraunhofer.  343.  .VKV 

Frederick  ILTTTs.  457- 

Freezing,  4f>3,  54ri. 

French  measure*.  85. 

French  weights,  9S. 

Fresco,  73. 

Friction,  2Ii  UL.  48*.  514.   Avoidluf  friction. 

15<;,  \tiX 
Friction  of  fluiils.  «22.  PLSO^tL 
Friction  of  ice,  .iOlT 
Friction  of  scapements.  HQ. 
Friction  of  sluices.  249, 
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Friction  wheeU.  164^  PI. 

Frigid  zone,  4^ 

Fringes  of  colourt,  3GZi 

Frlii,  liti. 

FullinK,  143. 

Fulton,  271. 

Funutcn,  ^16. 

Futee  of  a  watch,  MA^  PL  15,  IfL 
Fiuoriui.  188 1  (L  nSo. 
FiMt,  18a. 


Oft*  fat  air  {nimpi,  2gL  PI.  22- 
Galen.  XM. 

Galilean  tdcMope,  siV,  ML  28. 

Galileo.  24x  3L  Mi  142.        IW.  207.  277.  31fi. 

.•>7'»,  lyii  b.  1302,  d.  1648. 
Gallon,  K5. 

Galrani,  ^  5fl2\  5M  ;  b.  1737.  d- 1708. 

Galvanic  battery.  PL  40. 

Galvanic  circuit,  Pl.Jii. 

Galvanic  electricity, 

Galvanitm,  A«7. 

Galvanumeter,  .MO. 

Garnenn,  2Ja. 

Garnet.  PL 

Oasei.  2fM,  47a 

Gasometer,  8S3,  PI. 

Gates,  UL. 

Gay  LusAAC,  225. 

GelKbrand,  6H3^  b.  1597,  d.  UPS. 

Getiiini,  lllL 

Gemma. 

Geneva,  .V45. 

Gensfleiich.  188. 

Geoffroy,  .'iBfi. 

Geocraphy. 

Geology,  ask 
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Georgian  planet,  i£2L  40^  4-.'4. 
Germination,  .V)7. 
Gerstner,  2-.'7. 
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Gilbert,  3^  5»3. 
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Gioja,  ZiSik 
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Glau  blower,  'ML 
GlaM  blowing,  m. 
GI.-US  drops,  iitL~ 
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Glauber's  salu,  4n3. 
Glasier's  rice,  171,  PL  Ifl. 
Globe,  lai 
GlubfS,  .ifM. 
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Globules  for  microscopes,  330. 
Glottis,  312^313,  PL2ii 

Going  fusee,  with  an  intermediate  spring,  148. 

PI.  Iffe  — ' 
Golden  number,  429i 
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Gong,  3LL 
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Hydraulic  ram,  2At>. 
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Idioelectrics.   See  electrtci. 

Igneous  meteors.  .VA. 

Ignis  fAtuus.  3Mk 

lltutninatitm,  3.'>i). 

lUuminatiun  of  the  planets.  PL  34. 

Image,  ^  3^  PI.  27^  m.. 
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